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 The goal of this project was to provide the Hanover Insurance Group with a plan to 
achieve LEED certification for their buildings at 440 Lincoln Street Worcester, Massachusetts. 
The team analyzed the current state of the buildings in the categories covered by LEED for 
Existing Buildings Operations and Maintenance v3.  The team identified and quantified gaps that 
must be filled to achieve a gold level certification.  Additionally, the group provided 
recommendations for closing these gaps and the prioritization of improvements. 
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The OPEC Oil Embargo of the 1970s was a wakeup call to all Americans that their 
increasing dependency on foreign oil was one that was unsustainable.  During this time, the 
citizens of the United States dedicated a sincere amount of time and effort to reducing energy use 
by any means necessary (Johnston, 2009).  Through the years this has led to research and 
development in many different types of sustainable energy, including renewable energy (solar, 
wind, tidal, geothermal), energy conservation (energy efficiency, cogeneration, green building), 
and sustainable transport (biofuels, electric vehicles).  The main goal of green building is to 
reduce the impact of physical structures on human health and the environment by efficiently 
using resources, reducing waste, and improving the health and productivity of the population 
(Basic Information, U.S. EPA).  In the United States, approximately 2,000,000 acres of open 
space are developed each year (Frej, 2005).  Out of the total energy consumed in the United 
States, buildings use forty percent.  Additionally, forty-nine percent of the energy used by 
buildings is used in a commercial setting.  Meanwhile, eighteen percent of the total carbon 
dioxide and twelve percent of the water used in the United States can be attributed to commercial 
buildings (Department of Energy – Buildings).  The increased growth of commercial buildings 
coupled with the high fiscal and environmental costs of energy usage make it imperative that the 
United States make significant changes to the way energy is used and buildings are constructed. 
Sustainability and energy usage are two topics that have generated a significant amount 
of interest in the state of Massachusetts.  As a result, Massachusetts is viewed as a leader in 
energy conservation and has made strides to become more environmentally friendly.  For 
example, Massachusetts is a leading source for energy generated from landfill gas.  Additionally, 
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the United States Department of Energy awarded the state with $25,000,000 to develop the 
country’s first commercial-scale wind technology testing center in 2009.  Despite these strides 
made in the area of environmental conservation, Massachusetts remains the only state that relies 
significantly on coal power plants (Environmental Information Administration, 2008).   
Hanover Insurance’s objective of achieving LEED certification the North and South 
wings of the 440 Lincoln St. building on their Worcester campus is one that will benefit their 
firm in many different ways.  Some of these benefits include health and productivity benefits for 
employees within the building, increased real estate value of the property, marketing and public 
relations opportunities, and a positive image when recruiting new hires.  Hanover Insurance has 
already shown their dedication to environmental sustainability through the implementation of 
various corporate programs, including an extensive recycling and composting program and 
annual Earth Day initiatives.  Their decision to pursue LEED certification promises to lead to 
huge strides in mitigating Hanover’s impact upon the environment and establishing a culture of 
social responsibility.  The company has already explored the LEED certification process, and has 
taken important first steps in the process, including the completion of the federal Energy Star 
certification program (an energy and water efficiency certification and a prerequisite for LEED 
certification) (Energy Star).  However, as Hanover moves closer to officially entering the LEED 
certification process, it is necessary that the organization has a clear path mapped out to achieve 
LEED certification and an accurate estimate of the costs of acquiring a certification.      
The goal of this project was to provide the Hanover Insurance Group with a plan of 
action to achieve LEED certification for the North and South wings of their Worcester Campus.  
The team identified five aspects of the 440 Lincoln St. building that Hanover had chosen to focus 
on for their initial steps towards certification.  These included:  site sustainability, water 
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efficiency, energy and atmosphere, materials and resources, and indoor environmental quality.  
The team then analyzed the current state of the buildings in these categories and identified and 
quantified gaps that must be filled to achieve certification.  Additionally, the group attempted to 
provide specific recommendations for closing these gaps as well as projected timelines for 
achieving the certification. 
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 The background information serves to provide necessary information in order for the 
reader to understand the study conducted in this report.  To start information is provided on the 
environmental impact of green building and its history.  Next, the group explains the potential 
benefits and pitfalls of green operations for commercial businesses.  Finally, after Hanover’s 
commitment to sustainability it discussed, the group explains the different aspects and criteria of 
LEED certification. 
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To understand why the LEED standard is important and how it can affect a business' 
economic and social performance, it is necessary to understand the environmental issues behind 
the green building movement and how they have shaped current environmental initiatives.  The 
major performance fronts addressed by the LEED standard can be summarized by a set of simple 
metrics:  Power Consumption/Carbon Dioxide (CO2) emissions, water consumption, and solid 
waste. 
Power consumption and CO2 emissions are closely linked and both try to address the 
same issue: greenhouse gas emissions.  Power consumption is an important metric to account for 
as electricity represents a large proportion of a building's energy flows.  In the United States 
buildings are currently responsible for nearly forty percent of all energy usage and seventy 
percent of electricity consumption (Environmental Information Administration, 2008).  It is 
important to note that electrical usage is primarily a concern due to the production of CO2 
emissions by electrical plants such as coal and oil burning plants.  These emissions are closely 
linked to one of the world’s most pressing environmental problems - climate change. 
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Throughout much of the latter half of the twentieth century there were nervous rumblings 
in the climate community about anthropogenic (man-made) climate change.  In 1990 the 
Intergovernmental Panel on Climate Change (IPCC), a scientific task force established by the 
United Nations, issued its first report asserting their certainty that man-made greenhouse gasses 
were causing additional warming of the earth (Houghton et. al, 1990).  The IPCC has continued 
issuing reports intermittently, each reaffirming the conclusion that anthropogenic global 
warming is occurring and will cause dramatic results.  While the details of the potential outcome 
are uncertain, the IPCC's most recent predictions issued in 2007 predict the global temperature 
increasing by as much as 11.5 degrees Fahrenheit and the sea level rising as much as two feet, as 
well as increased occurrences of heat spells, droughts, and cyclones.  The 2007 report also states 
that a majority of the global warming seen in the twentieth century is due to anthropogenic 
sources, particularly CO2 (WGI – IPCC, 2007).  Green buildings can help ameliorate this harm 
by using up to fifty percent less energy and producing up to thirty-nine percent less CO2 (GSA 
Public Buildings Service, 2008). 
In addition to climbing CO2 emissions, global water consumption is on the rise as well.  
Studies conducted by the USGBC show that some of the most important sources of fresh water 
are diminishing.  Furthermore, according to the EPA, thirty-six or more states are expected to 
face local, regional or even statewide water shortages by 2013. 
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During the 1970s, the green movement took great strides in American cities.  As the 
high-rise building became more popular and cities became more congested, a forward thinking 
group of architects, environmentalists, and ecologists came together to make significant changes 
to the sustainability of cities.  The first Earth Day, held in April 1970, marked the first time that 
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environmental sustainability could be noted as a primary concern for the citizens of the United 
States.  Inspired by the environmental movement of the public as well as the continuing rise in 
fossil fuel prices, these leaders created the modern build green movement that is becoming more 
prevalent today (History of Stone in Green Building). 
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As the environmental movement continued to gain momentum in the United States, the 
OPEC oil embargo jumpstarted the green building movement.  The event took place in 1973 
after the United States assisted Israel in its defense during the Yom Kippur War (Marble Institute 
of America, 2010).  As a result, a group of oil-producing countries in the Middle East began an 
oil embargo targeting the United States and its European allies.  With emotions running high in 
the United States, several agencies looked to what could be done in order to develop a United 
States that was less dependent on foreign oil.  Most notably, the American Institute of Architects 
formed a Committee on Energy, which was the first organization of professionals that focused 
specifically on green building practices.  The research that this group provided consisted of both 
philosophical and technological solutions to green building.  As the oil embargo passed, energy 
concerns died off.  However, a dedicated, core group of scientists and engineers remained 
committed to the cause of initiating more sustainable building in the United States (Marble 
Institute of America, 2010). 
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Another major moment in green building in the United States came with the election of 
Bill Clinton as President of the United States.  Upon moving into the White House, President 
Clinton took it upon himself to create a government building that was more sustainable.  Clinton 
vowed to make the White House the model for efficiency and waste reduction in the United 
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States.  This was a method for Clinton to reward his political supporters, some of whom were 
environmental and build green communities trying to get their message out to the public of the 
United States.  Many different areas of the White House were improved upon in regards to 
sustainability and energy efficiency while Clinton was President, including the building’s 
envelope, lighting, plug loads, waste, vehicles, and landscaping practices.  Since 1996, it has 
been estimated that an average of $300,000 is saved at the White House from a combination of 
energy and water costs, landscaping expenses, and solid waste removal.  Additionally, an 
estimated 845 metric tons of carbon per year have been eliminated.  Upon his election to the 
White House, President George W. Bush continued the sustainable energy practices initiated by 
President Clinton (Marble Institute of America, 2010). 
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The United States Green Building Council (USGBC) was formed in 1993 to promote the 
construction of environmentally responsible, profitable, and healthy buildings.  One of the major 
acts of the USGBC was the establishment of a committee to focus solely on the development of a 
system to define, measure, and recognize buildings for their sustainable practices.  The original 
committee consisted of architects, realtors, building owners, lawyers, environmentalists, and 
industry representatives who produced the LEED certification system, which has continued to be 
the benchmark that green buildings are compared to (Reference Guide 11). 
While the growing importance of the green movement has both positive and negative 
aspects, there is no doubt that the movement will continue to grow and gain influence.  The 
movement has migrated into the business world in the form of LEED certification.  LEED 
(standing for Leadership in Energy and Environmental Design), is a green building rating system 
developed by the USGBC that provides a set of standards and requirements for the 
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environmentally friendly construction of buildings.  The system focuses on six major areas of 
construction: sustainable sites, water efficiency, energy and atmosphere, materials and resources, 
indoor environmental quality, and the innovation and design process.  Depending on the 
building’s performance in these areas, a rating is assigned.  The overall performance of the site is 
awarded LEED certification at one of four levels: certification, silver, gold, or platinum. 
<:C: =2#4*.##(=.*.74$#(+7(D%..*(=24-/4*0(
With a greater understanding of both the good and the bad that has resulted from the 
green movement, one can see why there may be some companies that do not immediately adopt 
green changes.  However, it is evident that there are far more positive reasons for a firm to adopt 
green policies, specifically in their buildings and facilities.  These positives can be broken down 
into benefits for the employees and for the firm itself. 
There are studies that prove green buildings not only provide better health for employees, 
but also increase employee productivity (Fisher, 2009).  For example, the use of natural sunlight 
in a workplace may make the employees feel more comfortable and at ease with their coworkers 
and their surroundings.  This keeps the workers happy and perhaps inspires them to do more 
work.  Obviously, a company would want to do everything they can to keep their employees 
productive.  This can also be a valuable tool for employee recruitment (Odell, 2007).  With the 
general public gaining interest in improving the environment, it also means that more members 
of a company’s potential employee pool will be interested in the green movement.  For the 
building itself the benefits are financially based.  A green building can have lower insurance 
rates than those that are not sustinable, reducing costs for the company.  Additionally, green 
buildings are resistant to obsolescence and have an increased property value.  While it may cost 
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the firm some money to make these green business changes, the benefits of doings so are 
obvious. 
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In recent years, organizations across the globe have worked to raise awareness about the 
damage that society has done to the environment.  This increase in awareness has led to the green 
movement.  Across the globe, people are searching for ways to reduce their impact on the 
environment and prove they do care about what affect their actions may have.  This movement 
has spread to education, government policy, and perhaps most importantly, business.  The green 
movement has led consumers and investors to expect a company to do what is necessary to 
operate its enterprise while also being aware of how their actions will affect the environment.  
Customers expect it because they want to know that the products they buy or services they 
support have not had a negative impact on the Earth.  A great number may also seek products 
that improve the environment, not just prevent harm (Zaleski, 2007).  Investors are concerned 
with a company’s green initiatives because they want to put their support into a firm that has a 
positive public image.  Improving public perception is one of several benefits of a business 
“going green.”  There is evidence that going green can do everything from improving the health 
of employees to increasing profits (Rennie, 2008).  However, the green movement has also had 
some negative effects on both firms and their customers.  These positive and negative effects 
must be closely examined and compared in order for one to understand the total impact of the 
push for sustainability in business. 
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There has been a growing interest in environmental issues in recent years that has 
stretched across many fields and sectors.  The movement is especially prominent in business and 
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industries, as companies have responded to public interest.  It seems that people are less 
concerned with a product’s features, capabilities, and pricing and more concerned with how the 
product and its manufacturing process has affected the environment.  One of the first examples 
that come to mind when one thinks of an industry adopting the “going green” mindset is in the 
automobile industry (Diem, 2009).  The public has grown more knowledgeable of the damage 
that gas emissions from vehicles can or has had.  There have been studies that show these gas 
emissions are at least partly responsible for global warming.  This led to customers demanding 
that their vehicles drive for more miles per gallon of gas.  The auto industry responded by 
emphasizing this feature in their cars, which appealed not only to their customers’ environmental 
concerns but also their financial concerns.  Concern for gas emissions continued to grow and 
eventually led to the automobile industry introducing hybrid vehicles, which promise to reduce 
gas emissions, improving the environment.  In recent years, we have seen auto companies fail 
partly because of their refusal to produce the gas-efficient vehicles that consumers desire and 
instead produce large vehicles that are most responsible for producing atmosphere damaging gas 
emissions.  The government has also become more concerned with the environment as President 
Barack Obama’s administration has spent millions of dollars developing programs that reward 
drivers for dumping their current “gas-guzzling” vehicles in return for more fuel-efficient cars.  
Clearly, there are very powerful organizations concerned with the environment (Broder, 2009). 
The auto industry is not the only business sector that has been affected by the green 
movement.  It may be partly due to the decreasing supply of fossil fuels, but energy companies 
have also had to work to find new forms of energy.  These new forms of energy include wind 
power and natural sunlight, which are much less damaging to the environment.  These clean 
forms of energy are being adopted by various industries to produce their products, reducing the 
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impact of their facilities on the environment (Baker, 2008).  However, green business is not only 
found in these sweeping, sometimes high-cost changes.  Green business can be as simple as 
asking potential employees to submit their job applications electronically or installing windows 
that allow for more natural light to shine into a room.  The positive effects of these changes and 
the green business movement as a whole are evident.  The movement has allowed customers to 
become more aware, interested in, and knowledgeable about a company’s business practices.  
This in turn had led to companies making operating decisions with the customer in mind more 
often than before.  Any successful firm knows the value of public image.  If the public is 
concerned with saving the environment and reducing their impact on the atmosphere in their 
everyday lives, then a company would be wise to incorporate these same ideals into their 
business strategy.  This is comparable to a company offering special deals or lowered prices 
around a popular shopping season or during an unstable economic climate in which people are 
searching for ways to save money.  In both cases in comes down to the basic business principle 
of, “the customer is always right.”  If your business strategy reflects the priorities of your target 
customer base, then you will probably be successful.  The difference is that the adoption of green 
business benefits not only the customer and firm, but also the environment. 
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It is clear that the trend towards green business has led to several positive developments.  
Firms have become more aware of how their decisions and actions affect not only their customer 
base, but also the environment.  They realize that going green can also improve their company 
image, which can lead to an increase in profits.  However, the improvement of company image is 
also one of the negatives of green business.  Companies sometimes s advertise or label their 
products and procedures as being environmentally friendly without providing any type of 
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evidence supporting the claim, a practice known as “green washing.”  Large firms such as 
General Electric and ExxonMobil have been accused of employing “green washing” tactics to 
boost their public image, hoping to gain an advantage over their competition (Allen, 2009).  
These tactics include using non-specific language to describe products (i.e. “eco-friendly”), 
emphasizing even the smallest part of a company that may be green, or even the use of scientific 
jargon to confuse the general public.  This strategy led the Federal Trade Commission to charge 
Kmart, Tender Corporation, and Dyna-E International with making false and unsubstantiated 
claims that their products were “biodegradable,” a decision that was announced on June 9, 2009 
(Davidson, 2009).  While Kmart and Tender settled out of court, the charge against Dyna-E will 
go to litigation.  The charges were part of the Federal Trade Commission’s “Green Guides” 
which govern company claims of being environmentally friendly.  They work to ensure that 
companies that make these claims in their advertisements can actually support them with 
scientific evidence.   
Other negative effects of the green movement are not as serious but should still be noted.  
With a large percentage of the public looking for companies to work on reducing their negative 
impact on the environment, an increase in companies that comply with these wishes has been 
seen.  As a result, their customer base can look down on companies that do not adopt these green 
changes, regardless of how much actual damage they are causing to the environment (Asquith, 
2007).  Additionally, the federal government continues to pass laws and policies regulating the 
environmental damage of companies and pushing many firms into the green movement.  This 
can be viewed as a negative outcome because it can force companies to change their entire 
business plans and invest into making green improvements even if they do not have the resources 
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to do so.  Such actions can actually create more problems for the company than if they had stuck 
to their original plan or simply taken their time adapting to a green business plan.   
With a greater understanding of both the good and the bad that has resulted from the 
green movement, one can see why there may be some companies that do not immediately adopt 
green changes.  However, it is evident that there are far more positive reasons for a firm to adopt 
green policies, specifically in their buildings and facilities.  These positives can be broken down 
into benefits for the employees and for the firm itself. 
<:F: @&*+?.%G#(H./4'&$4+*($+(I2#$&4*&"4-4$A(
 Although Hanover has recently decided to look into the possibilities of LEED 
certification, it is not the beginning of their process towards maintaining sustainable operations.  
Throughout the years the operations and maintenance staff at Hanover has been dedicated to 
lessening the buildings impact on the environment.  Through interviews and meetings with 
various employees at Hanover the group was able to learn of some of the exciting initiatives that 
Hanover has put in place over the years.  Specifically, this can be seen through the use of 
sustainable chillers in the building’s expansive data center.  Data centers use a great amount of 
energy and therefore generate a significant amount of heat as a byproduct.  In order to lessen the 
amount of energy usage on the building, Hanover has employed a chiller system that uses an ice 
system to lessen its impacts on the environment.  Hanover’s environmentally friendly use of 
energy can be seen through their Energy Star rating of seventy-eight percent, which they 
received earlier this year. 
 Another area where Hanover has shown dedication to sustainable practices is in its 
enacting of a composting program in the building’s cafeteria.  Hanover has gone above and 
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beyond traditional recycling practices through encouraging their employees to sort their waste 
into different bins, after which it is transported to an appropriate composting facility.  This 
coupled with more traditional practices, such as providing recycling bins at each workstation, 
shows that Hanover is serious about promoting sustainable practices throughout its workforce. 
 Hanover has also made a significant effort to educate their employees about the 
possibilities of sustainable living in their own life.  Every Earth Day Hanover Insurance has a 
fair in their main lobby where vendors and local companies are invited in to show employees 
small changes they could make in their life that have positive benefits on the environment.  In the 
past companies that Hanover has invited in for the day have given away products such as energy 
saving light bulbs and reusable coffee mugs while providing information regarding topics such 
as home air envelope testing.  Hanover’s quest for LEED certification is the next step in their 
journey towards increased sustainability. 
<:J: K4*4121(B.L24%.1.*$#(7+%(M>>HN>=(8.%$474'&$4+*(
In order for a project to be eligible for a LEED certification, it must first adhere to 
LEED’s Minimum Program Requirements (MPR).  The MPR identify the minimum 
characteristics that a project must possess before becoming LEED certified.  “Such requirements 
define the types of buildings that the LEED Green Building Rating Systems were designed to 
evaluate” (usgbc.org, 2009), leading to three goals: to provide customers with clear guidance, to 
protect the integrity of the LEED program, and to reduce complications that occur during a 
LEED certification process.  In addition to complying with the MPRs, all projects must 
demonstrate compliance with all rating system requirements in order to achieve LEED 
Certification (Reference Guide 7).  
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The building must be completely in use and such usage must be typical of the building 
during normal operations and for at least the preceding twelve months from the certification 
application.  At the same time the building is allowed to have some open floor space, but this 
space should not measure more than twenty-five percent of the total floor area.  The project must 
take account of 100% of the floor area of each building in the certification application, with the 
exception that ten percent of that space could be excluded if occupied by renting tenants.  
Furthermore, the building must comply with the rules and regulations of all federal, state, and 
local authorities (LEED-EB: O&M, 2008).  
Most of the credits in LEED for Existing Buildings Operations and Maintenance require 
that all documents be submitted for the performance period.  The performance period is the time 
period where the different operation performances are being calculated.  The performance period 
must be at least three months for all prerequisites and credits with the exception of Energy & 
Atmosphere prerequisites, which have a longer minimum duration of twenty-four months 
(LEED-EB: O&M, 2008).  
<:O: M>>H(I$&*/&%/#(&*/(B.L24%.1.*$#(
As the title itself implies, LEED for Existing Building pays close attention to ongoing 
building operations, however it also focuses on sustainability for alterations and new additions to 
existing buildings.  Alterations and additions can include a complete “gutting, major renovation 
or a large new wing to the replacement of an old window, sheet of drywall or section of carpet”  
(LEED-EB: O&M, 2008).  Nonetheless, alterations and additions both have a special meaning in 
LEED; such terminology refers to those changes that could affect the usability of space 
throughout the building.  Changes such as “mechanical, electrical, or plumbing system upgrades” 
that involve no disruption of the usable space must be excluded.   
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All additions and alterations within a LEED certification project should not affect or 
cause relocation to more than fifty percent of the floor area and the building occupants.  At the 
same time, LEED-EB will not accept additions and alterations that increase the total building 
floor area by more than fifty percent, if so; these projects should pursue LEED for New 
Construction.  Projects where additions are being completed that include any kind of 
construction activity but will not increase the total building floor area by at least five percent are 
only considered repairs.  Therefore, they are not eligible to receive points under LEED-EB 
(LEED-EB: O&M, 2008).  Below we address the prerequisites and credits for the seven areas 
that pertain to this project. 
!"H"#" >9:5-)3-,*2(>)52:(
 The goal of the sustainable sites portion of an Operations and Maintenance LEED 
certification is to promote responsible building site design strategies that mitigate negative 
effects towards plants, wildlife, and water and air quality.  While maintaining environmentally 
friendly sites promotes healthy living environments for building occupants and wildlife, it can 
also help reduce operation and maintenance costs.  The sustainable sites credits focus on grounds 
management, hardscape management strategies, sustainable landscapes, transportation methods 
of building occupants, management of stormwater, reduction of heat islands, and the elimination 
of light pollution (Reference Guide 1 – 2). 
!"#"$"$" %%&'()*+,&$-&&.//0&')(,+1+)*&0)2+34&54*&'642,(78,+64&
 The intent of the first sustainable sites credit is to reward buildings that have achieved an 
environmentally sensitive design and construction process.  This credit is earned when a building 
has been certified under LEED for New Construction and Major Renovations (Reference Guide 
5 – 7). 
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 In order to encourage buildings to have an environmentally sensitive building exterior 
sustainable sites credit two was created.  The goal of this credit is for building owners and 
operators to create a plan that includes practices that reduce harmful chemical use, energy and 
water waste, air pollution, and chemical runoff.  The plan must cover the use of maintenance 
equipment, snow and ice removal, paints and sealants, and the cleaning of sidewalks and 
pavements.  The main objectives are to reduce noise pollution from maintenance equipment, 
apply deicer before snow storms rather than environmentally harmful ice removers following 
storms, and ensuring that chemicals used outdoors for cleaning purposes do not produce runoff 
into sewer systems (Reference Guide 9 – 11). 
!"#"$"@" %%&'()*+,&@-&&A4,)3(5,)*&>)2,&<5453)=)4,B&/(62+64&'64,(6?B&54*&& .54*285;)&<5453)=)4,&>?54&
 In order to achieve sustainable sites credit three the management team must have a plan 
in place that reduces harmful chemical use, energy and water waste, air pollution, and chemical 
runoff.  In regards to pest management, the plan must take into account landscaping features that 
may harbor pests, focusing on keeping the animal and insect populations under control and out of 
the building.  The plan must also identify any existing erosion and sedimentation problems and 
asses areas of potential problems in the future as well as a plan for managing erosion during and 
future construction projects, which have a tendency to create sedimentation problems through the 
use of heavy equipment.  A plan must also be made for the elimination of landscape waste, either 
through composting on site or moving to a commercial composting location.  The plan must also 
show that the building operators are using alternatives to chemical fertilizers where applicable 
and economically feasible (Reference Guide 15 – 19). 
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 In order to reduce pollution and harmful air emissions it is important that a buildings 
occupants use environmentally friendly methods of transportation.  The points earned in this 
credit are determined based on what percentage of the building occupants uses alternative forms 
of transportation.  A minimum of ten percent of occupants must use alternative forms of 
transportation to earn one point while a maximum of fifteen points can be earned when seventy-
five percent or more of the population uses the alternative forms.  Alternative forms of 
transportation are classified as mass transit, walking, biking, carpools, and use of low-emitting, 
fuel-efficient vehicles (Reference Guide 23). 
!"#"$"G" %%&'()*+,&G-&&%+,)&0)E)?6;=)4,&H&>(6,)8,&6(&I)2,6()&J;)4&:5K+,5,&
 In order to promote biodiversity, sustainable site credit five requires that native or 
adapted vegetation cover at least twenty-five percent of the total site area (excluding the building 
footprint).  If it is not possible to reach this level of vegetation the company can earn the credit 
by maintaining off-site areas where every two square feet of maintenance count as one square 
foot onsite.  Additionally, natural site elements that are maintained by the owner or operators 
(such as water bodies or exposed rock) also count towards this credit because they provide 
habitat value (Reference Guide 35). 
!"#"$"L" %%&'()*+,&L-&&%,6(=M5,)(&N754,+,O&'64,(6?&
 Sustainable sites credit six exists to reduce stormwater runoff as well as eliminate 
contaminants and pollution from the runoff.   The building operators must have a plan in place 
that either collects and reuses or evaporates at least fifteen percent of the precipitation that falls 
on the site.  The plan must include an annual inspection to ensure continued meeting of the 
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standard as well as all required maintenance within sixty days of inspection (Reference Guide 
41). 
!"#"$"#" %%&'()*+,&#"$-&&:)5,&A2?54*&I)*78,+64&H&P64QI661&
 This credit refers to the reduction heat islands in order to minimize climate impacts on 
human and wildlife habitats.  In order to achieve this credit a building must have at least fifty 
percent of its parking spaces under cover, which must have a solar reflectance index (SRI) of at 
least twenty-nine.  Additionally, a maintenance program must be in place that cleans all SRI 
surfaces every two years in order to maintain effective reflectance (Reference Guide 49). 
!"#"$"R" %%&'()*+,&#"!-&&:)5,&A2?54*&I)*78,+64&H&I661&&
 This credit is much like SS Credit 7.1:  Heat Island Reduction – Non-Roof, except that it 
deals with the roof of the building.  The building must have seventy-five percent of its rooftop at 
an SRI rating of at least seventy-eight in order to qualify for this credit. 
!"#"$"S" %%&'()*+,&R-&&.+3T,&>6??7,+64&I)*78,+64&
 The intent of this credit is to minimize light emanating from the building and site, to 
increase nighttime visibility through glare reduction, and to maintain the nocturnal environment.  
Any indoor lights that can be directly viewed from the outside must be automatically controlled 
to turn off during all after hours periods.  Additionally, the site must either partially or fully 
shield all exterior light fixtures above fifty watts (Reference Guide 65). 
!"H"!" 7-52.(&44)@)23@I(
The main intent of the water efficiency portion of an Operations and Maintenance LEED 
certification is to reduce the levels of potable water used within a building.  The LEED credits 
use various technologies and strategies to promote environmental concerns related to water 
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consumption and disposal.  There are four main topics that the LEED water efficiency credits 
cover:  monitoring water consumption performance, reducing indoor potable water consumption, 
reducing water consumption to save energy and improve environmental wellbeing, and 
practicing water efficient landscaping (Reference Guide 77 – 78). 
!"#"!"$" U/&>()()V7+2+,)&$-&&<+4+=7=&A4*66(&>?7=K+43&W+9,7()&54*&W+,,+43&& /11+8+)48O&
In order to reduce the requirements of water supply and wastewater systems, the water 
efficiency prerequisite was created.  This credit focuses on the indoor fixtures and fittings within 
the building (Reference Guide 81).  Through reducing potable water usage in common 
appliances and fixtures, it is possible to save water resources for the future.  Additionally, 
reducing water usage through technologies and strategies can also reduce the economic costs of 
building operations (Reference Guide 82).  The efficiency of plumbing fixtures in a building is 
determined off of a baseline.  If the plumbing system or renovation was created before 1993 then 
the baseline in 160% of the water use that would result if all fixtures met either the Uniform 
Plumbing Codes or International Plumbing Codes published in 2006.  If the plumbing system or 
renovation was created after 1993 the baseline is 120% (Reference Guide 81).(
2.7.2.2. U/&'()*+,&$-&&U5,)(&>)(16(=548)&<)527()=)4, 
The first water efficiency credit that is covered by LEED concerns the collection of data 
regarding water consumption throughout the building.  Following the guidelines in this credit 
over time will allow for a deeper understanding of water usage as well as provide insight into 
areas where significant improvements can be made.  In order to use water efficiently, it is 
necessary that the water usage be effectively measured throughout the building.  Although there 
are upfront costs as well as variable costs for installing and monitoring water meters, the 
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potential monetary benefits outweigh the costs of water monitoring.  Successfully monitoring 
water usage can lead to benefits in municipal taxes and consistent water rates as well as the 
detection of leaks in the system.  There are two options when trying to achieve the water 
performance measurement credit.  One option is the building leaders can decide to measure total 
water consumption in the building through the use of permanently installed water meters.  As an 
alternative, the management team can decide to use a sub metering system and monitor eighty 
percent of potable water usage from the irrigation system, indoor plumbing fixtures and fittings, 
cooling towers, or domestic hot water systems (Reference Guide 93 – 94). 
!"#"!"@" U/&'()*+,&!-&&D**+,+645?&A4*66(&>?7=K+43&W+9,7()&54*&W+,,+43&& /11+8+)48O&
In order to reduce the amount of potable water usage and dependency on municipal water 
and wastewater systems the USGBC enacted the second LEED water efficiency credit.  This 
credit concerns itself with strategies and practices that reduce the potable water usage of indoor 
plumbing fixtures and fittings as compared to the baseline calculated in WE Prerequisite 1.   
Percentage 
Reduction 
Points 
10% 1 
15% 2 
20% 3 
25% 4 
30% 5 
Table 1:  Additional Indoor Plumbing Fixture and Fitting Efficiency Reduction Points (Reference Guide 99) 
Table 1:  Additional Indoor Plumbing Fixture and Fitting Efficiency Reduction Points 
(Reference Guide 99) shows the number of points that can be earned depending on the 
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percentage of reduction in the water fixtures.  There is significant economic benefit available 
when dealing with this credit because of the reduction of building operation costs (Reference 
Guide 99). 
!"#"!"C" U/&'()*+,&@-&&U5,)(&/11+8+)4,&.54*285;+43&
The purpose of the water efficient landscaping credit is to limit the use of potable water 
for landscape irrigation.  The amount of water usage for irrigation is compared to a baseline 
determined by the average irrigation water usage for a facility of similar campus size and 
climate.  Table 2:  Water Efficient Landscaping Reduction Points (Reference Guide 101) shows 
the number of points that are able to be earned depending on the difference of potable water used 
in landscaping as compared to a building of similar size and climate.   
Percentage Reduction Points 
50% 1 
62.5% 2 
75% 3 
87.5% 4 
100% 5 
Table 2:  Water Efficient Landscaping Reduction Points (Reference Guide 101) 
Using a non-potable water source or high-efficiency landscaping choices can 
significantly help with the acquisition of these points (Reference Guide 101 – 104). 
!"#"!"G" U/&'()*+,&C-&&'66?+43&F6M)(&U5,)(&<5453)=)4,&
Reducing the amount of potable water usage in the operation of a cooling tower can 
significantly reduce the amount of water used in a building as well as the amount of money spent 
in the operation of a building.  In order to achieve this credit, it is necessary to have a written 
33 
 
plan regarding the maintenance and operations of the cooling tower, including chemical 
treatment, bleed off, biological control, and staff training.  An additional point can be earned 
through the use of at least fifty percent non-potable water sources in the operation of the system 
(Reference Guide 114 – 115). 
!"H";" &32./I(-3=(J5+0:K62.2(
Energy efficiency can dramatically decrease energy consumption through the 
implementation of cost-effective and readily attainable practices.  The operational cost of 
buildings decreases as their energy performance is improved.  Similarly, improvements in energy 
efficiency lead to less pollution and a higher quality of life.  The rapid rising cost of energy 
results in most energy efficiency measures having a short payback period. 
Some ways for reducing energy consumption include but are not limited to actions by 
building occupants, improvement of the building’s operations strategies, and building equipment 
upgrades.  Although LEED makes certain recommendations, it does not limit or restrict the 
choices that building owners and operators would like to make to become more energy efficient.  
Instead it uses a performance-based approach that allows owners and managers to tailor energy 
reduction measures according to their buildings. 
!"#"@"$" /D&>()()V7+2+,)&$-&&/4)(3O&/11+8+)48O&X)2,&<5453)=)4,&>(58,+8)2-&&& >?544+43B&0687=)4,5,+64&54*&J;;6(,74+,O&D22)22=)4,&
The intention of this credit is to assure that energy efficient operating strategies are not 
only implemented for a certain period of time, but also exits to promote continuity of information 
and provide a foundation for training systems analysis.  
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Documentation of the current sequence of operations for the building is required. 
Furthermore, owners and managers must develop an operating plan that includes details 
explaining how the building will be operated and maintained.  Such an operating plan must at 
least take into consideration an occupancy schedule, an equipment run-time schedule, design set 
points for all HVAC equipment, and the design of all levels of lighting throughout the building.  
Any and all changes must be indentified in schedules or established at points that identify 
different seasons, days of the week, or times of the day.  Validating that the operating plan has 
been followed accordingly throughout the entire performance period is required (Reference 
Guide 127). 
Other requirements include developing descriptions of the mechanical and electrical 
systems and equipment in the building.  Descriptions of these systems must consist of all the 
systems used to meet the operating conditions mentioned in the operating plan, including at a 
minimum, heating, cooling, ventilation, lighting and any building control systems.  Additionally, 
the plan must construct a narrative sequence of events detailing the preventive maintenance plan 
for all the equipment described in the systems narrative.  Such a preventive maintenance plan 
must be scheduled during the performance period.  Lastly, there must be “an energy audit that 
meets the requirements of ASHRAE Level I walk-walk through assessment” (Reference Guide 
127). 
!"#"@"!" /D&>()()V7+2+,)&!-&&<+4+=7=&/4)(3O&/11+8+)48O&>)(16(=548)&
The intent of this particular credit is to establish the minimum level of operating energy 
efficiency performance relative to buildings of similar size and use.  The hope is to reduce 
environmental and economic impacts associated with excessive energy use (Reference Guide 
141). 
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There are two options that building owners and managers can decide between when 
evaluating their compliance with this prerequisite.  The first strategy assumes that the project is 
eligible or has already obtained an Energy Star rating.  Buildings can obtain an energy 
performance rating under the EPA’s Energy Star Portfolio Manager Tool if the building is able 
to score a rating of at least a sixty-nine.  The buildings are also required to have meters that are 
capable of recording all energy used throughout the entire performance period of all buildings 
seeking certification.  It is required that energy consumption be measured for a period of twelve 
full months (Reference Guide 141). 
For the second strategy, if the building is not eligible for an Energy Star rating, the 
building would be required to demonstrate energy efficiency performance of at least nineteen 
percent more than the average for buildings of similar size and use by benchmarking against 
national average energy data provided in the portfolio manager tool (Reference Guide 141). 
!"#"@"@" /D&>()()V7+2+,)&@-&&W74*5=)4,5?&I)1(+3)(54,&<5453)=)4,&
This credit’s intent is to reduce stratospheric ozone depletion.  If the building’s HVAC 
system currently uses chlorofluorcarbons (CFCs), the management team must demonstrate a 
dedication to eliminating CFCs within five years from the end of the project’s performance 
period.  However, the elimination does not have to occur if it can be determined that the 
elimination would not be economically feasible.  Although replacing a chiller might seem like a 
good idea for achieving points from this credit, the reality is that it might not be as good as it 
seems.  According to the LEED-EB prerequisite, a chiller that has a payback period longer than 
ten years is considered not to be economically feasible.  To determine the simple payback period, 
divide the replacement implementation costs by the annual cost avoidance for energy that results 
from the replacement and any difference in maintenance costs.  If CFC refrigerants are kept in 
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the building the leakage must be reduced to five percent or lower annually based on the EPA 
clean air act (Reference Guide 145). 
!"#"@"C" /D&'()*+,&$-&&J;,+=+Y)&/4)(3O&/11+8+)48O&>)(16(=548)&
The intent of this prerequisite is to help buildings achieve increasing levels of energy 
performance as compared to buildings of similar size and use in order to reduce environmental 
and economic impacts caused by the unnecessary use of energy. 
If the building’s performance is good enough to obtain Energy Star recognition by the EPA portfolio manager tool, the 
building must then achieve an energy performance no lower than seventy-one in order to earn additional points 
(Reference Guide 151).   
Table 3:  Optimize Energy Efficiency Performance Rating Points (Reference Guide 151) 
shows the amount of points that are earned depending on the Energy Star Performance Rating.   
EPA ENERGY STAR 
Energy Performance 
Rating 
Points 
71 1 
73 2 
74 3 
75 4 
76 5 
77 6 
78 7 
79 8 
80 9 
81 10 
82 11 
83 12 
85 13 
87 14 
89 15 
91 16 
93 17 
95 18 
 
Table 3:  Optimize Energy Efficiency Performance Rating Points (Reference Guide 151) 
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Aside from achieving an energy efficiency performance that is a seventy-one or higher, it 
is necessary to install energy meters for measuring all energy consumption throughout the 
performance period.  A building’s energy performance must be based on actual metered energy 
consumption for both the LEED project and all comparable buildings used for the benchmark 
(Reference Guide 152). 
!"#"@"G" /D&'()*+,&!"$-&&/9+2,+43&X7+?*+43&'6==+22+64+43&H&A4E)2,+35,+64&54*&& D45?O2+2&
The intent is to develop a systematic approach by which building owners and managers 
can develop a clear understanding of a building’s operation, major energy-using systems, 
different options for optimizing energy performance, and how to develop a plan that helps in 
achieving energy savings. 
Much of the requirements for this credit consist of a commissioning process of which 
there are two options.  Option one requires that the building owners and managers develop a 
commissioning plan for the building’s major energy using system.  At the same time they must 
conduct an investigation and analysis phase, and document the breakdown of all energy use in 
the building.  Additionally a list must be compiled documenting the operating problems that 
affect occupants’ comfort and energy use and the development of potential operational changes 
for solving them.  Similarly, a list must be developed that identifies capital improvements that 
will result in cost effective energy savings and a documentation of the cost benefit analysis 
associated with each (Reference Guide 169). 
As for option two, it is required that an audit be conducted that meets the requirements of 
American Society of Heating Refrigerating and Air Conditioning Engineers (ASHRAE), Level 
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II, Energy Survey and Analysis.  Similar to option one, there must be documentation of the 
breakdown of energy use in the building.  Another requirement is the performance of a savings 
and cost analysis of all useful procedures that meet the owner’s constraints and economic 
criteria, along with discussion of any effect on operations and maintenance procedures.  Lastly, it 
is necessary to list and detail all capital improvements that will provide cost effective energy 
savings and that documents the cost benefit analysis associated with each (Reference Guide 169). 
!"#"@"L" /D&'()*+,&!"!-&&/9+2,+43&X7+?*+43&'6==+22+64+43&H&A=;?)=)4,5,+64&
The intent of this credit is to motivate the building owners and managers to implement 
small improvements as well as to identify planned capital projects to ensure that the building’s 
systems that use energy on a larger scale are repaired, operated, and maintained effectively 
enough in order to optimize energy performance.  
This credit requires the implementation of no or low-cost operational improvements as 
well as the creation of a capital plan for all major retrofits and upgrades.  Building owners are 
also held responsible for the training of the management staff; such training must build 
awareness and skills in a broad range of sustainable building operations topics.  Such topics may 
cover energy efficiency and building equipment and systems operations and maintenance.  At the 
same time it must be demonstrated that the observed financial costs and benefits of the measures 
that were noted have been implemented.  Updating the building’s operational plan as necessary 
in order to reflect any changes in the occupancy schedule, equipment run time schedule, design 
set points and lighting levels is also part of this credit (Reference Guide 179). 
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The intent of this credit is to make periodic adjustments and reviews of the building’s 
operating systems and procedures by using commissioning to address changes in the facility 
occupancy, use, maintenance, and repair.  
In this regard, an organization has to, “implement an ongoing commission program that 
includes elements of planning, system testing, performance verification, corrective action 
response, ongoing measurement and documentation to proactively address operating provision” 
(Reference Guide 185).  A plan must be written that details the overall commissioning cycle for 
the building by piece of equipment or systems group.  Additionally at least half of the scope of 
the work in the first commissioning cycle must be completed prior to the application date.  Only 
work that was completed within two years prior to the application can be used for showing 
progress in the ongoing commissioning cycle.  The narrative must be updated for the building 
operations as necessary; updating the narrative must reflect any changes in the occupancy 
schedule, equipment run time schedule, design set points, lighting levels, or system 
specifications.  
!"#"@"R" /D&'()*+,&@"$-&&>)(16(=548)&<)527()=)4,&H&X7+?*+43&D7,6=5,+64&& %O2,)=&
The intent of this credit is to assess and measure the performance of a building 
automation system (BAS), including the system itself and its preventive maintenance program.  
The BAS is responsible for monitoring and controlling heating, cooling, ventilation, lighting, and 
other important building requirements.  BAS components will be regulated and tested by a 
maintenance program to ensure replacement and repair of faulty systems.  This program can be 
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relied on to optimize the building’s energy performance and produce information for the best 
possible energy-saving investments (Reference Guide 191). 
!"#"@"S" /D&'()*+,&@"!-&&>)(16(=548)&<)527()=)4,&H&%O2,)=Q.)E)?&<),)(+43&
Accurate energy-use information and opportunities for additional energy-saving 
improvements will be explored through a breakdown of energy use in the building and sufficient 
system-level metering.  Based on energy bills, spot metering, and other metering, which must be 
analyzed two years prior to the date of the LEED application for certification, system-level 
metering must cover at least forty percent of total expected annual energy consumption.  
Permanent, sub-metering, and recording are required, which must be continuous and logged in 
order to be properly analyzed (Reference Guide 197). 
!"#"@"$Z" /D&'()*+,&C-&&J4Q%+,)&54*&J11Q%+,)&I)4)M5K?)&/4)(3O&
In order to reduce fossil fuel energy use, the building’s total energy usage of on-site or 
off-site renewable energy systems must be reduced.  Renewable energy systems can be used, 
which award points for specific building energy use requirements during the performance period. 
Individual actions can be awarded up to a six point limit.  Off-site renewable energy sources, 
including green power, are defined by the requirements of the Center for Resource Solutions 
Green-e Energy program, while on-site environmental attributes associated with renewable 
energy are retained and cannot be sold.  Major Green-e Energy program criteria must be met, 
including third-party verification that current green power performance standards are being 
upheld by the green power supplier (Reference Guide 203). 
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The goal of this credit is to minimize impact on the ozone layer and support early 
compliance with the Montreal Protocol while minimizing direct contributions to global climate 
change.  This credit requires that building the owners and managers do not use refrigerants based 
products for the purpose of heating, ventilating, air conditioning and refrigeration (HVAC&R). 
Instead, building owners and managers are encouraged to invest in equipment for heating, 
ventilation, air conditioning, and refrigeration that minimize or completely eliminate the release 
of compounds that contribute negatively to the ozone layer and climate change.  The building 
HVAC&R equipment must comply with formulae that set a maximum threshold for the 
combined contribution to ozone depletion and global warming (Reference Guide 215). 
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In order to document the effect of building efficiency on emission reduction benefits, 
building performance parameters must reduce convention energy use and emissions.  Reductions 
delivered by energy efficiency and renewable energy, including the purchase of renewable 
energy credits, should be tracked and reported to a third-party voluntary reporting program, such 
as Energy Star or the EPA (Reference Guide 225). 
!"H"C" E-52.)-*:(-3=(L2:09.@2:(
The operation and maintenance of buildings generates waste on a daily basis.  By 
meeting the standards, practices, and requirements of the LEED materials and resources credits, 
a firm can significantly reduce the quantity of waste while improving the environment of the site.  
The materials and resources credits focus on the environmental impacts of the materials brought 
into the building and the minimization of materials hauled off and disposed of in landfills or 
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incineration facilities.  The materials and resources credits are concerned with materials selection 
and sustainable purchasing, waste disposal, and waste reduction.   
Selection and purchasing of materials plays a major role when assessing the sustainability 
of a building’s operations.  During the life cycle of a material, an individual item will go through 
extraction, processing, transportation, use, and disposal, all of which can have negative health 
and environmental impacts.  The project team should consider how purchasing materials that 
meet the sustainability criteria can improve the environment and health of the site and 
significantly reduce the negative impacts of the materials purchased for operations.   
The materials and resources credits also aim to divert waste from landfills and 
incineration facilities and recommends that the site use the three preferred strategies of source 
reduction, reuse, and recycling.  The EPA ranks source reduction as the top strategy because it 
reduces environmental impacts throughout the life cycle of the material and reducing waste at its 
source involves identifying unnecessary materials that cannot be reused such as packaging.  This 
identification is done through a process referred to as a waste stream audit, which identifies the 
type and location of waste produced on site.  The project team must then identify opportunities 
for improving the waste stream. 
Reuse and recycling are strong alternatives when reduction is not possible or money is a 
concern.  Recycling reduces that amount of toxic waste entering the atmosphere and covers 
many common materials found on site such as paper, cans, and scrap materials.  Employee 
education is necessary but implementation can be as simple as placing recycling containers 
around the office or marking recycling areas with the proper signage.  The site must also work to 
reduce the amount of mercury-containing lamps that are used on site.  The firm should work to 
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find lamps that are more energy efficient and have a longer life cycle to minimize the amount of 
lamps that must be disposed of in landfills or incinerators. 
Overall, the materials and resources credits require the site to have policies included in 
their operations plan that must be implemented through employee education and behavior 
tracking.  Once the plan is implemented, there must be a way of keeping track of the waste 
stream and ensuring that employees are adhering to the standards of the written waste 
management policies.   
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In order for a building to receive any materials and resources credits toward obtaining 
LEED certification, it must first have a sustainable purchasing policy in place.  The goal of a 
sustainable purchasing policy is to reduce the environmental impacts of materials purchased to 
operate, maintain, and upgrade the company’s sites.  In order to receive credit for this 
prerequisite, the company must have in place an Environmentally Preferable Purchasing (EPP) 
policy that includes product purchasing policies for the building that address the standards and 
requirements of the first materials and resources credit regarding ongoing consumables.  The 
policy must at least cover products that are purchased within the control of the building and its 
managers.  An extension of this policy must also cover at least one of the following credits: 
materials and resources credit two (durable goods), materials and resources credit three (facility 
alterations and additions), or materials and resources credit four (reduced mercury in lamps).  
Both the original policy and its extension must adhere to the LEED 2009 for Existing Buildings: 
Operations & Maintenance policy model.   Finally, this prerequisite only requires written 
policies, not actual, ongoing sustainable performance (Reference Guide 239). 
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Another prerequisite for obtaining materials and resources Credits is the establishment of 
a solid waste management policy.  The goal of this policy is to facilitate the reduction of waste 
produced by building occupants that is disposed in landfills or incineration facilities.  The policy 
must adhere to the LEED 2009 for Existing Buildings: Operations & Maintenance policy model.  
At minimum the policy must cover the waste streams that are within control of building and its 
managers, while addressing the recycling of all mercury-containing lamps as well as the 
requirements of the following waste management credits:  materials and resources credit seven 
(ongoing consumables), materials and resources credit eight (durable goods), and materials and 
resources credit nine (facility alterations and additions).  Finally, this prerequisite only requires 
written policies, not actual, ongoing sustainable performance (Reference Guide 245). 
!"#"C"@" <I&'()*+,&$-&&%72,5+45K?)&>7(8T52+43&H&J436+43&'6427=5K?)2&
The goal of this credit is to reduce the environmental and air quality impacts of ongoing 
consumables purchased for use in the operation and maintenance of buildings.  An ongoing 
consumable is defined as a low-cost per unit item that is regularly used and replaced in the 
course of business such as printing or copy paper, notebooks, notepads, envelopes, toner 
cartridges, binders, batteries or desk accessories.  It is up to the project team to determine what 
items should be considered as ongoing consumables, but consistency must be maintained so that 
these items are not included on lists of durable goods.  This credit rewards one point if at least 
sixty percent of total purchases (by cost) are considered sustainable purchased during the 
performance period. 
Sustainable purchases are defined as meeting one or more of the following criteria:  
purchases contain at least ten percent postconsumer and/or twenty percent postindustrial 
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material, purchases contain at least fifty percent rapidly renewable materials, purchases contain 
at least fifty percent materials harvested and processed or extracted and processed within 500 
miles of the project, purchases consist of at least fifty percent Forest Stewardship Council (FSC) 
certified paper products, or batteries are rechargeable.  Each purchase can receive credit for each 
sustainable criterion met and must be purchased during the performance period to earn points in 
this credit (Reference Guide 251). 
!"#"C"C" <I&'()*+,&!-&&%72,5+45K?)&>7(8T52+43&H&07(5K?)&[66*2&
The goal of this credit is to reduce the environmental and air quality impacts of durable 
goods purchased for use in the operation and maintenance of buildings.  A durable good is 
defined as having a useful life of two years or more and is replaced infrequently or requires 
capital program outlays to purchase.  Examples of durable goods include furniture, office 
equipment, appliances, external power adapters, televisions, and audiovisual equipment.  
Anything listed as a durable good cannot be included on lists of ongoing consumables and 
consistency must be maintained whenever the firm or project team refers to “durable goods”.  
There are two points available for this credit with one point covering electric-powered equipment 
while the other covers furniture.  For electric-powered equipment, the site must achieve forty 
percent sustainable purchases of the total electric-powered equipment purchases (by cost) during 
the performance period.  Sustainable purchases must meet at least one of the following criteria: 
the equipment is Energy Star qualified (for product categories with developed specifications) or 
the equipment (either battery or corded) replaces conventional gas-powered equipment.  For 
furniture, the site must achieve forty percent sustainable purchases of the total furniture 
purchases (by cost) during the performance period.  Sustainable furniture purchases must meet at 
least one of the following criteria:  purchases contain at least ten percent postconsumer and/or 
46 
 
twenty percent postindustrial material, purchases contain at least seventy percent material 
salvaged from off-site or outside the organization, purchases contain at least seventy percent 
material salvaged from on-site (through an internal organization materials and equipment reuse 
program), purchases contain at least fifty percent rapidly renewable material, purchases contain 
at least fifty percent Forest Stewardship Council (FSC) certified wood, or purchases contain at 
least fifty percent material harvested and processed or extracted and processed within 500 miles 
of the project.  Each purchase can receive credit for each sustainable criterion met and must be 
purchased during the performance period to earn points in this credit (Reference Guide 259-260). 
!"#"C"G" <I&'()*+,&@-&&%72,5+45K?)&>7(8T52+43&H&W58+?+,O&D?,)(5,+642&54*&& D**+,+642&
The goal of this credit is to reduce the environmental and air quality impacts of materials 
used during facility renovations, demolitions, refits, and new construction additions.  This 
includes base building elements that are permanently or semi-permanently attached to the 
building excluding furniture, fixtures, and equipment (FF&E) and specialty mechanical, 
electrical, and plumbing equipment items such as elevators.  The site must achieve fifty percent 
sustainable purchases of total purchases (by cost) during the performance period.  Sustainable 
purchases must meet at least one of the following criteria:  purchases contain at least ten percent 
postconsumer and/or twenty percent postindustrial material, purchases contain at least seventy 
percent material salvaged from off-site or outside the organization, purchases contain at least 
seventy percent material salvaged from on-site (through an internal organization materials and 
equipment reuse program), purchases contain at least fifty percent rapidly renewable material, 
purchases contain at least fifty percent Forest Stewardship Council certified wood, purchases 
contain at least fifty percent material harvested and processed or extracted and processed within 
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500 miles of the project, adhesives and sealants have a VOC (volatile organic compound) 
content less than the current VOC content limits of South Coast Air Quality Management 
District (SCAQMD) Rule #1168 or sealants used as fillers meet or exceed the requirements of 
the Bay Area Air Quality Management District Regulation 8, Rule 51, paints and coating have 
VOC emissions not exceeding the VOC and chemical component limits of Green Seal’s 
Standard GS-11 requirements, non-carpet finished flooring is FloorScore-certified and 
constitutes a minimum of twenty-five percent of the finished floor area, carpet meets the 
requirements of the CRI Green Label Plus Carpet Testing Program, carpet cushion meets the 
requirements of the CRI Green Label Testing Program, or composite panels and agrifiber 
products contain no added urea-formaldehyde resins.  Each purchase of materials for alterations 
and additions can receive credit for each sustainable criterion met and must be purchased during 
the performance period to earn points in this credit (Reference Guide 269-70). 
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The goal of this credit is to establish and maintain a toxic material source reduction 
program to reduce the amount of mercury brought onto the building site through the purchases of 
lamps.  The program should specify maximum levels of mercury permitted in mercury-
containing lamps purchased for the site including indoor and outdoor fixtures, as well as corded 
and portable fixtures.  The purchasing program should aim to average ninety picograms per 
lumen-hour for overall mercury content in lamps.  At least ninety percent of the total lamps 
purchased (by number) should average ninety picograms per lumen-hour.  Lamps that contain no 
mercury can only be counted toward this total if their energy efficiency is considered to be as 
good as or better than mercury-containing lamps.  During the performance period purchases of 
screw-based, integral compact fluorescent lamps (CFLs) may be excluded if they meet the 
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maximum mercury content standard established by the National Electrical Manufacturers 
Association (NEMA).  The LEED Reference Guide for Green Building Operations & 
Maintenance provides a template for measuring performance of the mercury-containing lamps 
during the performance period (Reference Guide 283). 
!"#"C"#" <I&'()*+,&G-&&%72,5+45K?)&>7(8T52+43&H&W66*&
The goal of this credit is to reduce the environmental and transportation impacts of the 
site’s food production and distribution.  During the performance period, the site must obtain at 
least twenty-five percent sustainable purchases (by cost) of its total food purchases.  Sustainable 
food purchases meet the one or more of the following criteria:  purchases are labeled USDA 
Organic, Food Alliance Certified, Rainforest Alliance Certified, Protected Harvest Certified, Fair 
Trade or Marine Stewardship Council’s Blue Eco-Label or purchases are produced within a 100-
mile radius of the site.  Each purchase can receive credit for each sustainable criterion met and 
can only be counted toward the credit if the food and beverage purchases are made during the 
performance period (Reference Guide 291). 
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The goal of this credit is to facilitate the reduction of waste and toxins produced by the 
occupants and operations of the site (waste streams).  It also aims to facilitate the reduction of 
waste streams that are hauled to and disposed of in landfills or incineration facilities.  A waste 
stream audit of the site’s entire ongoing consumables, durable goods, and construction waste 
must be conducted during the performance period.  The audit establishes a baseline of the types 
and amounts (by weight or volume) of waste that are in the waste streams.  This baseline is then 
used to identify opportunities for increasing recycling and waste diversion (Reference Guide 
299). 
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The goal of this credit is to facilitate the reduction of waste and toxins produced by the 
use of ongoing consumables by the occupants and operations of the site.  The credit also aims to 
reduce the amount of ongoing consumables that are taken to and disposed of in landfills or 
incinerations facilities.  The site must maintain a waste reduction and recycling program that 
addresses materials with a low-cost per unit such as paper, toner cartridges, glass, plastics, 
cardboard, food waste, and metal.  Materials that were considered ongoing consumables in other 
credits should be included in this credit to maintain consistency.  The goal is to reuse, recycle, or 
compost at least fifty percent of the ongoing consumables waste stream.  Additionally, a battery-
recycling program should aim to divert at least eighty perent of discarded batteries from the 
trash, which should be verified annually.  The program should cover dry-cell batteries, including 
single-use and/or rechargeable batteries used in radios, phones, cameras, computers, and other 
devices or equipment (Reference Guide 305). 
!"#"C"$Z" <I&'()*+,&R-&&%6?+*&U52,)&<5453)=)4,&H&07(5K?)&[66*2&
This credit aims to facilitate the reduction of waste and toxins produced by the use of 
durable goods on site and divert the waste from landfills and incineration facilities.  The site 
should maintain a waste reduction, reuse, and recycling program that addresses durable goods 
such as computers, monitors, printers, refrigerators, dishwashers, water coolers, external power 
adapters, televisions, and other audiovisual equipment.  The listing of durable goods should 
remain consistent with the listing of durable goods established in materials and resources credit 
two.  During the performance period, the site must reuse or recycle at least seventy-five percent 
of the durable goods waste stream, which is measured by weight, volume, or replacement value 
(Reference Guide 311). 
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The goal of this credit is to divert construction and demolition debris from landfills and 
incineration facilities while redirecting recyclable recovered resources back to the manufacturing 
process and reusable materials to appropriate sites.  The firm should aim to divert at least seventy 
percent of its total debris (by volume).  This only applies to permanent or semi-permanent 
building attachments that enter the waste stream during facility renovations, demolitions, refits, 
and new construction additions.  These components include, at a minimum, wall studs, 
insulation, doors, windows, panels, drywall, trim, flooring, adhesives, sealants, paints, and 
coatings.  Furniture, fixtures, and equipment (FF&E) and mechanical, electrical, or plumbing 
components such as elevators should not be factored into the total waste stream of this credit 
(Reference Guide 317).  
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According to the Environmental Protection Agency, Americans now spend an average of 
ninety percent of their time indoors (EPA, 2008).  The effects these indoor environments have on 
those who occupy them have become a focus of research and innovation in recent years and have 
demonstrated that there are many benefits of improved indoor conditions.  The LEED: EB-OM 
standard addresses this growing concern by including a category of credits devoted to the 
improvement of the indoor environment. 
This category focuses on improvements that benefit the occupants of the certified 
building without sacrificing the sustainable initiative demonstrated by the other sections.  Areas 
covered by this section include ventilation of indoor spaces and air contamination, green 
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cleaning protocols and cleaning products, indoor material selection (to reduce off-gassing), 
occupant comfort and control, and daylighting and views. 
!"#"G"$" A/N&>()()V7+2+,)&$-&&J7,*66(&D+(&A4,(6*78,+64&54*&/9T572,&%O2,)=2&
This prerequisite establishes a minimum air-quality level which all building’s certified 
under the standard must adhere to.  There are two means by which to satisfy this pre-requisite.  
The simplest path to demonstrate compliance is to document that all ventilation and air-handling 
systems comply with the ventilation rates required by ASHRAE 62.1-2007.  This standard takes 
into account occupancy and space usage to determine the volume of outdoor air required to 
dilute contaminates to a healthy level.  The calculations involved typically require the attention 
of a professional engineer.  The other path is only available to projects that have thoroughly 
documented that their current ventilation system is incapable of performing to the ASHRAE 
62.1-2007 standard.  In this case a minimum ventilation rate of ten cfm of outdoor air per person 
is required.  It should be noted that for projects with multiple air handling systems that different 
systems may qualify under a mix of both minimum requirements, but all systems must qualify 
for one or the other. 
In addition to minimum ventilation levels, this pre-requisite also requires the 
implementation of an HVAC system maintenance program.  This program must satisfactorily 
address regular inspection of all equipment, regular inspection and changing of filters, testing 
and maintenance of controls, and rebalancing protocols to ensure alterations to the facility are 
accounted for in the environmental control program.  Also, a testing plan must be in place for all 
exhaust systems in the building. 
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 The second pre-requisite for the EQ section requires actions be taken to prevent 
contamination of indoor breathing spaces with ETS.  This can be accomplished very simply by 
prohibiting smoking in the building and within twenty-five feet of all entrances, air intakes, or 
open windows.  If this is not desirable, projects can also chose to include designated smoking 
rooms within the building, but these rooms must adhere to strict requirements including the use 
of an ante-room to prevent smoke escape, direct ventilation to the outdoors, and documentation 
of ventilation testing to ensure systems prevent escape of smoke from the room. 
!"#"G"@" A/N&>()()V7+2+,)&@-&&[())4&'?)54+43&>6?+8O&
 The third and final pre-requisite for this section of credits ensures that all certified 
projects have in place a “Green Cleaning Policy”.  The goal of this policy is to reduce the 
harmful byproducts introduced to the indoor environment and to minimize the negative outdoor 
environmental consequences by cleaning activities.   
 This policy must cover the purchasing of cleaning products and equipment in accordance 
with indoor environmental quality credits 3.3 and 3.4, procedures for all cleaning activities as 
well as for auditing and managing the cleaning system and training of cleaning staff, ways to 
encourage hand-hygiene through the deployment of hand-soaps and sanitizers, protocols for 
handling and storage of harmful products and for managements of spills or mishandling, and 
means for the collection and response to occupant feedback. 
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 EQ credit 1.1 requires that projects appoint an Indoor Air Quality (IAQ) manager to 
utilize the EPA Indoor Air Quality – Building Education and Assessment Model (I-BEAM) to 
develop an IAQ management plan.  The IAQ manager must conduct an audit of the building 
utilizing forms provided by I-BEAM.  I-BEAM then provides guidelines for improving IAQ and 
for minimizing the effects of many common pollutant sources.  The IAQ management plan must 
address all major pollutant sources covered by I-BEAM which apply to the building including at 
least two of the most widely applicable four sources: renovation and remodeling, painting, pest 
control, and shipping/receiving.  The IAQ manager must also conduct periodic inspections 
utilizing inspection forms adapted from I-BEAM to identify and address new IAQ problems that 
may develop. 
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 To earn this credit teams must permanently install continuous monitoring equipment to 
ensure that all ventilations systems are performing to the minimum requirements established in 
indoor environmental quality pre-requisite 1.  Also, for ventilation systems primarily serving 
densely-occupied spaces, projects must have CO2 sensors placed appropriately in all densely 
occupied spaces to alert system operators to any areas in which CO2 concentrations have 
increased significantly above the expected concentration assuming the minimum ventilation 
performance is being met. 
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 The third best practice sub-credit rewards buildings, which demonstrate ventilation rates 
that exceed the minimum required rate by at least thirty percent. 
!"#"G"#" A/N&'()*+,&$"C-&&ADN&X)2,&<5453)=)4,&>(58,+8)2&H&I)*78)&>5(,+87?5,)2&& +4&D+(&0+2,(+K7,+64&
 This credit awards one point to projects which utilize air filters with a MERV rating of 
thirteen or higher on all outdoor air intakes and maintains and replaces them according to the 
manufacturer’s recommendations. 
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 This credit is designed to mitigate the negative effects on IAQ by any renovation or 
alteration projects in the building.  To ensure the well-being of workers and other occupants the 
credit requires that the project implement control measures adhering to the ANSI/SMACNA 
008-2008 standard, apply appropriate pre-occupancy protocol for tenant space improvements, 
appropriately protect construction materials from moisture damage, usage of appropriate 
filtration media to the elevated particulate levels, and all HVAC and lighting systems must be 
returned to their original operating parameters following completion of the project. 
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 The first Occupant Comfort credit rewards projects that implement an occupant comfort 
survey to ensure the satisfaction of building occupants in the areas of thermal comfort, IAQ, 
lighting, cleanliness, and acoustics.  The survey must be administered to a satisfactory sample 
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(greater than thirty percent of all occupants) and documentation must be maintained 
demonstrating problems identified by the survey and the actions taken to correct them.  At least 
one survey must be conducted during the performance period. 
!"#"G"$Z" A/N&'()*+,&!"!-&&J887;54,&'6=16(,&H&J887;54,Q'64,(6??)*&.+3T,+43&
 This credit ensures occupants have control over lighting conditions.  To achieve this 
point, buildings must provide controllable task-lighting to at least fifty percent of all single 
occupancy work stations as well as controllable lighting for at least fifty percent of multi-
occupancy work spaces. 
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 The third occupant comfort credit addresses the thermal comfort of building occupants.  
To achieve this point buildings must have in place a permanent, continuous monitoring system 
which measure temperature and humidity at an interval of less than fifteen minutes which 
ensures that the conditions in the building are in accordance with the comfort criteria in 
ASHRAE 55-2004 and must include alarms to alert maintenance personnel to the necessity of 
adjustment or repair in the case of unacceptable conditions.  Periodic testing of radiant 
temperature and air movement is also required as are procedures ensuring the timely adjustment 
and repair when problems are identified 
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 The final occupant comfort credit encourages the use of day lighting and views of the 
outdoor to enhance the comfort and connection to the outdoors felt by indoor occupants.  
Projects are provided a variety of means to demonstrate adequate performance. 
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 The High-Performance Cleaning Program required by the first green cleaning credit is 
intended to reduce the introduction of harmful materials to the indoor environment by cleaning 
activities and to minimize waste created by cleaning activities.  At a minimum the program 
should include the development of a staffing plan to optimize the custodial staff, training for 
custodial staff to ensure proper handling and disposal of potentially harmful products, the use of 
concentrated cleaners to minimize chemical use, use of sustainable equipment and reduction in 
use of paper cleaning products, and the purchasing of cleaners and equipment in accordance with 
credits 3.3 and 3.4. 
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 This credit promotes the maintenance of appropriate staffing levels and ensures 
cleanliness.  To achieve this point teams must achieve a score of less than 3 on an appearance 
level audit conducted according to the “Custodial Staffing Guidelines” published in APPA 
Leadership in Education Facilities. 
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 One point is awarded to projects that can demonstrate at least 30% of cleaning product 
purchases adhere to at least one of a list of several referenced standards/labeling programs. 
!"#"G"$L" A/N&'()*+,&@"C-&&[())4&'?)54+43&H&%72,5+45K?)&'?)54+43&/V7+;=)4,&
 Similar to the previous credit, this credit awards one point to projects which can 
demonstrate that purchases of all cleaning equipment adheres to a set of standards assessing 
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noise, energy usage, ergonomics, and safety.  In addition, projects must also document usage and 
maintenance/repair of all equipment. 
!"#"G"$#" A/N&'()*+,&@"G-&&[())4&'?)54+43&H&/4,(OM5O&%O2,)=2&
 This credit addresses sources of indoor pollution.  To minimize any such pollution, this 
credit requires the usage of entryway systems such as mats and grilles to minimize the tracking 
in of outdoor pollutants.  This credit also requires the use of appropriately drained or disposal of 
hazardous liquid wastes where appropriate (i.e. where the mixing of liquid concentrates occurs). 
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 The final EQ credit rewards teams that implement an Integrated Pest Management (IPM) 
program.  This IPM program must include ongoing inspections to determine the necessity for 
non-toxic and least-toxic measures, specifications for situations in which the application of a 
toxic pesticide is necessary (emergencies), and a notification system focused on alerting 
occupants of pesticide applications in and around the building. 
!"H"P" N330F-5)03(N3($K2.-5)03:(
 The innovation in operations aspect of LEED consists of rewarding buildings for 
exemplary and innovative performance in technology, project planning, and project execution.  
The reason for the inclusion of these credits is to acknowledge the constantly evolving and 
improving sustainable building operations that are taking place throughout industry.  The 
innovation and operations credits award points based a buildings performance in implementing 
new technologies and methods of operation, maintaining a LEED Accredited Professional, and 
documenting the cost impacts of the sustainable operation of the building. 
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 The purpose of this credit is to reward buildings for the operations and maintenance 
strategies that are not already addressed by the LEED program.  It is possible to earn four points 
(for four separate strategies) for this credit, which can be achieved through either using new and 
innovative strategies.  The building operators must identify the intent of the proposed credit, 
environmental benefits delivered, requirements for compliance, performance metrics, and 
requirements met during the performance period.  Alternatively, a total of three points could be 
earned by performing to an exemplary standard in any of the pre-existing LEED categories 
(Reference Guide 467). 
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 In order to streamline the application and certification process LEED awards a point for 
employing a LEED Accredited Professional (AP).  This employee most likely should be the 
person managing the LEED application (Reference Guide 475). 
!"#"L"@" AJ&'()*+,&@-&&0687=)4,+43&%72,5+45K?)&X7+?*+43&'62,&A=;58,2&
 In order to compare how much money the building is saving because of sustainable 
practices it is requested that the building operators document how much it has cost to run the 
building for the previous five years as well as during the performance period and beyond 
(Reference Guide 477). 
!"H"H" L2/)03-*(%.)0.)5I(
 The regional priority credit takes into account the regionally exclusive environmental 
issues of building sites.  Each zip code in the United States has six priority credits.  A building 
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can earn up to four additional points through completing the requirements for these credits 
(Reference Guide 485). 
!"#"#"$" I>&'()*+,&$-&&I)3+645?&>(+6(+,O&
 The six regional priority credits that have been identified for Worcester, Massachusetts 
are: SS Credit 2:  Exterior and Hardscape Management Plan, SS Credit 6:  Stormwater Quantity 
Control, EA Credit 4:  On-Site and Off-Site Renewable Energy, MR Credit 5:  Sustainable 
Purchasing – Food, MR Credit 7:  Solid Waste Management – Ongoing Consumables, and IEQ 
Credit 1.4:  IAQ Best Management Practices – Reduce Particulates  in Air Distribution 
(www.usgbc.org). 
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C: I2#$&4*&"-.(I4$.#P((K.$3+/+-+0AQ(B.#2-$#Q(&*/(!*&-A#4#(
 The information that was needed in order to make conclusions regarding the sustainable 
sites credits was gathered through the use of various resources.  Robert McGinnity, Manager of 
Safety and Security, was able to supply the group with information regarding the hardscape 
management plan, pest management, landscape management plan, results of an alternative 
transportation survey, and data regarding the open habitat surrounding Hanover.  Additionally, 
conversations took place with Luc Gelinas, Engineering Manager, regarding the light reflective 
portion of the surface of the roof.  All of the interviews conducted by the team began with an 
informational session in which the team presented a slideshow describing LEED certification, 
the team’s role, and Hanover’s motivation for pursuing sustainability. 
 
Table 4:  Sustainable Sites Gaps 
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C:9: II(8%./4$(9P((M>>H(8.%$474./(H.#40*(&*/(8+*#$%2'$4+*(
 The Hanover building at 440 Lincoln Street cannot qualify for this credit because it 
would have had to been achieved at the time of the building’s construction. 
C:<: II(8%./4$(<P((=24-/4*0(>R$.%4+%(&*/(@&%/#'&5.(K&*&0.1.*$(S-&*(
 Hanover currently has a building exterior plan that can be found in Appendix A:  
Building Exterior Plan.  The plan covers all necessary parts of the credit: maintenance 
equipment, snow and ice removal, cleaning, and paint and sealant usage.  In order to demonstrate 
necessary incremental improvement it may be necessary to add additional information regarding 
the attempted reduction of chemical usage on the exterior sections of the building site. 
C:C: II(8%./4$(CP((;*$.0%&$./(S.#$(K&*&0.1.*$Q(>%+#4+*(8+*$%+-Q(&*/(
M&*/#'&5.(K&*&0.1.*$(S-&*(
 The requirements for this credit can also be found in Appendix A:  Building Exterior 
Plan.  Hanover does not currently have sufficient information regarding erosion control 
documented in order to qualify for this credit. 
C:E: II(8%./4$(EP((!-$.%*&$4?.(8+112$4*0(6%&*#5+%$&$4+*(
 In order to determine the amount of employees that make use of alternative forms of 
transportation the group used information from a previously conducted survey.  Table 5:  
Employee Transportation Methods shows the results from this survey.  According to the data, 
only fiver percent of Hanover’s employees utilize alternative means of transportation to get to 
work, not meeting the required ten percent to qualify for a point for SS Credit 4. 
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Form of 
Transportation 
# Of Employees who 
utilize 
Drive Alone 1506 
Car Pool 51 
Public Transportation 19 
Bicycle 7 
Walk 9 
Total 1,592 
Table 5:  Employee Transportation Methods 
C:F: II(8%./4$(FP((I4$.(H.?.-+51.*$(T(S%+$.'$(+%(B.#$+%.(U5.*(@&"4$&$(
 The buildings at 440 Lincoln Street have a total area of 759,629 square feet.  Hanover’s 
Worcester campus has 1,089,000 square feet of either natural or adapted vegetation.  In order to 
calculate the percentage of vegetation at 440 Lincoln Street a decision must be made as to what 
vegetation can be attributed to this section of the campus.  In order to qualify for the credit, fiver 
percent of the total area (including the building footprint) must be covered by either natural or 
adapted vegetation. 
C:J: II(8%./4$(JP((I$+%1,&$.%(V2&*$4$A(8+*$%+-(
 Hanover does not currently have any information collected on the amount of stormwater 
that is collected for reuse throughout their building.  Additionally, to achieve this credit Hanover 
would have to calculate the amount of stormwater that falls on their campus as well as how much 
is absorbed by the landscape.  Hanover would then have to prove that they reuse or recycle at 
least fifteen percent of this runoff.  Currently, Hanover reuses a minimal amount of stormwater 
and it is unlikely they would meet the requirements. 
C:O: II(8%./4$(O:9P((@.&$(;#-&*/(B./2'$4+*(T(W+*NB++7(
 No information was available on the amount of Hanover’s outside campus that is covered 
shaded from sunlight.  There is a parking garage on the campus, however the roof of it does not 
meet the minimum requirements of SRI of at least twenty-nine. 
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C:X: II(8%./4$(O:<P((@.&$(;#-&*/(B./2'$4+*(T(B++7(
 Similar to SS Credit 7.1:  Heat Island Reduction – Non-Roof, there was no information 
regarding the percentage of Hanover’s roof that is covered in material with a SRI of at least 
seventy-eight.  Since the roof of the building is low-sloped, it must have seventy five percent of 
the roof meeting the higher requirements of SRI seventy-eight.  It is known that a portion of the 
roof has a white coating, which would meet the requirements of the credit, however the 
percentage of the roof that this makes up is not known. 
C:Y: II(8%./4$(XP((M403$(S+--2$4+*(B./2'$4+*(
 Again, there was a lack of information regarding the amount of nighttime light that is put 
forth from the site.  All lights on the outer wall of the building would have to automatically turn 
off after operating hours.  Additionally, all outdoor lights would have to be shielded so that they 
do not pollute the night sky. 
C:9Z: I4$.(I2#$&4*&"4-4$AP((!*&-A#4#(
 Table 4:  Sustainable Sites Gaps below shows the points that Hanover currently qualifies 
for.  Currently, Hanover qualifies for three out of a possible twenty-five points in the sustainable 
sites categories.  
 A cost-benefit analysis of Hanover’s missing credits for sustainable sites was created to 
help prioritize improvements, seen in Table 6:  Sustainable Sites Cost Benefit Matrix.  For all of 
the cost benefit matrices in this report there were several criteria that the group used.  When 
determining the benefits of each improvement, benefit to the sustainable practices of the building 
(power, water, heat usage etc.) and the quantity of points that the company could potentially earn 
were the two main foci.  With regard to costs, the group considered that both monetary, the time 
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it would take to achieve the points, and potential difficulty.  Once we judged where the changes 
would fall with regards to both costs and benefits, we placed the particular item in the 
corresponding quadrant.  For example, the alternative commuting transportation credit is 
classified as high-benefit because it provides a large number of potential points in that category.  
However, the costs are either unknown or likely to be very high because it will be difficult for 
Hanover to change the way their employees commute to work. 
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Table 6:  Sustainable Sites Cost Benefit Matrix 
 The alternative commuting transportation credit is classified as high-cost/high-benefit 
because there are a large amount of benefits that could be earned but they may not be easy to 
achieve.  A major problem existed with the transportation survey that the company issued; it did 
not take account for those who drive alternative energy automobiles.  According the LEED 
certification, this would count as alternative transportation and Hanover could have already 
earned some points in this area.  Additional ways that the company could try to earn this point 
would be through moving the closest bus stop to the front of the building, through working with 
the Worcester Transportation Authority.  Additionally, Hanover could subsidize the bus passes 
that their employees have to purchase in order to provide additional benefit.  Regardless, it will 
be difficult to convince employees that they should change their habits and find innovative ways 
to travel to work. 
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 The heat island reduction – roof credit is another high-cost/high-benefit credit because it 
can provide additional benefits other than the ones that it is directly trying to achieve.  Through 
lowering the heat island on the roof the building temperature will lower and there will be less of 
a need for cooling the building during the warmer months, resulting in lower energy costs.  
However, the cost to replace a roof can be high, an EPDM white roof costs about $1.50 per 
square foot in addition to installation costs (www.bestmaterials.com). 
 The light pollution reduction credit is low-benefit because it does not provide any direct 
benefit to Hanover.  However, it is low-cost because all that would need to be done in order to 
achieve the credit is to purchase and install covers on all outdoors light posts. 
 Both stormwater quantity control and heat island reduction – non-roof are low-
benefit/high-cost because they do not provide much benefit to the property and are facets of 
operations that are not already being taken into consideration at Hanover. 
 Table 7:  Sustainable Sites After Low - Cost/High - Benefit shows the amount of 
additional sustainable site credits that Hanover could earn after the implementation of low-
cost/low-benefit and high-benefit improvements for the site. 
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Table 7:  Sustainable Sites After Low - Cost/High - Benefit 
 Although it is anticipated that Hanover could earn additional points for alternative 
commuting transportation, none were included because it is not certain how many could be 
attained.  Based on the assumptions by this project team, it is believed that Hanover could earn a 
total of five out of twenty-six points for the sustainable sites credits after making the 
recommended improvements to the building and operations. 
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E: [&$.%(>774'4.*'AP((K.$3+/+-+0AQ(B.#2-$#Q(&*/(!*&-A#4#(
 The data used in the analysis of the water efficiency credits was acquired through a few 
different manners.  Water bills were collected from January 2009 – December 2009 and were 
used in all calculations, see Appendix E:  Water Bill Summary.  Several conversations took place 
with Luc Gelinas, Engineering Manager, and Edward Howe, Mechanical Facilities Technician, 
concerning the various water and sewerage systems that were at work in the building.  
Additionally, Prisiclla Tiberio, Manager of Workspace Design Services, worked with several 
employees in the Human Resources Department to determined the Full Time Employment (FTE) 
number. 
 
Table 8:  Water Efficiency Gaps 
E:9: K4*4121(;*/++%(S-21"4*0(\4R$2%.(&*/(\4$$4*0(>774'4.*'A(
 In order to calculate the baseline level for water usage in the building it is first necessary 
to determine the number of plumbing fixtures that are in the building.  Table 9:  South Wing 
Bathrooms, Table 10:  North Wing Bathrooms, and Table 11:  Non-Renovated Bathrooms show 
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the numerical data concerning the bathroom facilities.  Please note that the total number of 
fixtures in each chart is determined by multiplying the total number of fixtures by the number of 
floors in the building, since the space layout of the building is repeated on each floor of the 
building. 
 
Table 9:  South Wing Bathrooms 
 
North Wing 
Bathroom Toilets Urinals Sinks 
Men East 2 2 3 
Women East 4  3 
Men West 2 2 3 
Women West 4  3 
    
Total (x5) 60 20 60 
Table 10:  North Wing Bathrooms 
 
Non-Renovated Bathrooms 
Bathroom Toilets Urinals Sinks 
Women’s By 
Escalators 
4  4 
Men’s By 
Escalators 
2 2 2 
Women’s By 
Bowling Alley 
4  2 
Men’s By 
Facilities 
Office 
1 1 2 
    
Total 11 3 10 
Table 11:  Non-Renovated Bathrooms 
South Wing 
Bathroom Toilets Urinals Sinks 
Men East 4 2 4 
Women East 7  9 
Men West 4 2 4 
Women West 7  9 
    
Total (x4) 88 16 104 
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 The full time employment rate was calculated to be 2,154.  This was determined by 
taking the amount of full time employees, 1,849, and adding the amount of workweeks that were 
reported to be worked by each full time contractor 305.  In addition, twenty-five workers were 
assigned as visitors to the facility because they either did not have a specified amount of time 
that they showed up per week or it was minimal.  The water usage rate for new bathrooms in the 
building was as follows:  toilets – 1.6 gpf, urinals – 0.5 gpf, and sinks – 0.5 gpm.  The water 
usage rate for old bathrooms in the building is as follows:  toilets – 3.5 gpf, urinals – 1.5 gpf, and 
sinks 2 gpm.  Using the FTE and the guidelines of average facility use provided by the USGBC 
it is possible to determine the baseline rate. 
 To calculate the amount of times the toilets are used per day in the facility the amount of 
employees was divided by two, to signify an equal amount of men and women.  According the 
LEED assumptions women use a toilet an average of 3 times per day and men 1 per day, the 
visitor rates were also determined by LEED assumptions.  The result is 4,315.5 uses of a toilet 
per day, seen in Equation 1:  Toilet Uses Per Day (Reference Guide 87). 
! 
(1077)* (3) + (1077*1) + (12.5)* (0.5) + (12.5)* (0.1) = 4315.5  
Equation 1:  Toilet Uses Per Day 
 The same format was used for all other water fixtures in the building.  The results for 
amounts of uses can be seen in the following equations. 
! 
(1077)* (2) + (12.5)* (0.4) = 2159  
Equation 2:  Urinal Uses Per Day 
! 
(2154)* (3) + (25)* (0.5) = 6,474.5 
Equation 3:  Bathroom Sink Uses Per Day 
! 
(2154)* (1) = (2154) 
Equation 4:  Kitchen Sink Uses Per Day 
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 When determining the baseline amount of water used each day only the renovated 
bathroom data will be used.  The reasoning behind this assumption is that it is not feasible to 
determine which employees are using which bathrooms in the facility.  The total amount of 
baseline water used each day was determined by multiplying the amount of uses of each fixture 
by their listed water usage rates.  Additionally, sink usage is based on an average amount of 15 
seconds per use.   
! 
(4315.5)* (1.6) + (2159)* (0.5) + (6474.5)* (15)(60) * (2) +
(2154)* (15)
(60) * (3) =11,218.4  
Equation 5:  Water Usage Baseline 
 The 160% usage rate for this calculated baseline is 17,949.4 gallons per day.  According 
to the water bills from 2009, 400 Lincoln Street used 8,543 hundred cubic feet or 6,390,164 
gallons of water throughout the year.  In order to compare this to the baseline the usage was 
divided by 365 days in a year to calculate the value of 17,507.3 gallons per day.  This achieves 
the 160% threshold. 
 The second part of this prerequisite concerns itself with the development of a policy 
assessing the economic feasibility of a conversion to high-performance plumbing fixtures and 
fittings as part of any future indoor renovation.  Hanover currently does not have such a policy in 
place.  If the building operators were to implement such a plan it would have to cover water 
supply and disposal cost savings as well as maintenance costs savings. 
E:<: [&$.%(S.%7+%1&*'.(K.&#2%.1.*$(
 The Water Performance Measurement credit concerns itself with the collection of data 
regarding water usage.  The building at 440 Lincoln Street currently has in place several meters 
that collectively measure the total potable water use for the entire building.  This data is not 
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currently stored into monthly or annual summaries as required for completion of the credit.  
However, water bills, which show monthly consumption summaries, are currently kept on file.  
Although it is not a requirement of the credit, any graywater or reclaimed water used by the 
building is strongly encouraged to be recorded.  Since the landscaping practices of Hanover 
consist entirely of non-potable water, this usage should be recorded in order to fully satisfy the 
intent of the credit. 
 It is possible to earn an additional point with this credit if sub-metering of certain 
functions of the building is taking place.  Hanover is already separately metering the usage of 
water by their cooling towers, which will qualify the building for a second point in regards to this 
credit. 
E:C: !//4$4+*&-(;*/++%(S-21"4*0(\4R$2%.(&*/(\4$$4*0(>774'4.*'A(
 This credit is determined by calculating the amount of water saved in the building in 
reference to the baseline determined in 4.1Minimum Indoor Plumbing Fixture and Fitting 
Efficiency.  In order to achieve a point for this credit the building would have to use less than ten 
percent of the baseline, a total usage of 16,154.5 gallons per day, which it currently does not do. 
E:E: [&$.%(>774'4.*$(M&*/#'&54*0(
 Hanover uses entirely non-potable water sources for its landscaping needs.  A spring 
exists on the property of Hanover’s Worcester campus that has been deemed non-potable 
because of its contamination with manganese and other hazardous chemicals.  However, the 
building operations team has been able to use this water for landscaping purposes.  Technically, 
since this results in a 100% reduction in potable water use for irrigation over conventional means 
of irrigation it can be deemed that Hanover would receive five points for this credit.  The group 
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tried to receive more information on the purpose and intent of the credit through the USGBC but 
was informed that clarification on the achievement of this credit would be supplied at the time of 
project registration. 
E:F: 8++-4*0(6+,.%([&$.%(K&*&0.1.*$(
 The first part of the cooling tower water management credit consists of having a water 
management plan for the cooling tower.  A plan currently exists that addresses chemical 
treatment, biological control, and staff training.  However the bleed-off is not accurately covered 
or automatically controlled.   
 The second point concerning the cooling tower deals with the usage of non-potable water 
in its operation.  At this time all of the water used by the cooling tower is potable.  A study has 
been conducted on the feasibility of using the spring water in landscaping in the water tower.  
This method was deemed unsatisfactory as the amount of filters needed and potential damage 
caused by particulates would be economically draining. 
E:J: [&$.%(>774'4.*'AP((!*&-A#4#(
 Currently, Hanover qualifies for eight out of fourteen water efficiency credits, as seen in 
Table 8:  Water Efficiency Gaps.   
 Table 12:  Water Efficiency Cost Benefit Matrix shows the possible changes Hanover 
could make and the benefits they would have.  Continuing the renovation of the bathrooms and 
kitchen sinks would be low-cost because they would simply be continuing the plan that they had 
throughout the building.  Use of the well water in the cooling tower is listed as high-cost because 
a previous study has shown that costs of filtering the water so that it was usable in the cooling 
tower reached close to $100,000.00.  Additionally, a high-cost, high-benefit change that Hanover 
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could make to their current operations would be to introduce non-water toilets and urinals.  
These would be high-benefit because most of the water currently used by Hanover through their 
employees would be eliminated, leaving them with a very sustainable facility.  However, it 
would be high-cost because it would most likely not be received well by employees and it would 
be a hard cost to justify seeing the recent renovations of the bathrooms. 
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Table 12:  Water Efficiency Cost Benefit Matrix 
 By renovating the remaining bathrooms and kitchen sinks it may be possible for Hanover 
to reduce their daily water usage by 2,000 gallons per day.  In order to reach this mark several 
other changes may be necessary, such as new pipes, in order to reach the eighty five percent 
mark of baseline reduction in 4.3Additional Indoor Plumbing Fixture and Fitting Efficiency. 
Table 13:  Water Efficiency After No/Low-cost shows that Hanover could achieve ten out of 
fourteen points by making low and no cost changes. 
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Table 13:  Water Efficiency After No/Low-cost 
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F: >*.%0A(&*/(!$1+#53.%.P((K.$3+/+-+0AQ(B.#2-$#Q(&*/(!*&-A#4#(
 In order to develop an accurate analysis of the energy consumption rate at Hanover’s 
building our team collected a series of documents (i.e. energy bills, written contracts/agreements, 
and excel spread sheets) that were provided by Dawn Reeks, Senior Facilities Accountant. These 
documents provided current and past information regarding Hanover’s energy consumption 
throughout the years and how has it changed, the company’s demand charge baseline, as well as 
Hanover’s peak and low energy consuming months. Additionally, interviews with key 
informants such as Luc Gelinas, Engineering Manager, were conducted in order to better read 
and understand the data on hand. 
 
Table 14:  Energy and Atmosphere Gaps 
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F:9: >!(S%.%.L24#4$.(9P((>*.%0A(>774'4.*'A(=.#$(K&*&0.1.*$(S%&'$4'.#(T(
S-&**4*0Q(H+'21.*$&$4+*Q(&*/(U55+%$2*4$A(!##.##1.*$((
 Although Hanover has already achieved an Energy Star certification under the EPA’s 
Energy Portfolio Manager, which shows that there are efficient energy management practices at 
Hanover, there are some parts of this perquisite that must be completed in order for Hanover to 
fulfill it completely.  For example, Hanover must conduct an ASHRAE Level I, Walk-Through 
Analysis.  The walk through must be focused on evaluating the building’s energy performance 
and energy consumption by analyzing energy meters as well as conducting a brief visual survey 
of the whole building.  Building-wide consumption information must be gathered, performance 
indicators must be derived, and savings must be identified (Reference Guide 128).  
 Additionally, Hanover must structure a building operations plan (Appendix B:  Sample 
Building Operations Plan) that indicates the installed energy consuming systems, how they 
should operate, and the requirements they should meet in regards to the environment.  In a 
similar fashion Hanover should write a sequence of operations (Appendix C:  Sample Sequence 
of Operations) for each base building system, and a preventive maintenance plan (Appendix D:  
Sample Preventive Maintenance Plan) for each of the items listed in the sequence of operations 
plan. 
F:<: >!(S%.%.L24#4$.(<P((K4*4121(>*.%0A(>774'4.*'A(S.%7+%1&*'.(
 The Hanover Insurance building at 440 Lincoln Street already fulfilled this prerequisite 
because it scored a seventy – eight percent under the EPA Energy Star portfolio manager.  In 
order to qualify the building must have scored at least sixty-nine percent. 
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F:C: >!(S%.%.L24#4$.(CP((\2*/&1.*$&-(B.7%40.%&*$(K&*&0.1.*$(
 The 400 Lincoln Street buildings do not currently maintain any HVAC systems that use 
CFC.  Therefore, this prerequisite does not apply to Hanover and they are operating in 
accordance with the credit. 
F:E: >!(8%./4$(9P((U5$414].(>*.%0A(>774'4.*'A(S.%7+%1&*'.(
 Hanover, currently posses a seventy-eight percent rating under the EPA Energy Star 
Portfolio Manager, which is compliant with this credits requirement of achieving a rating 
performance of seventy-one percent or more.  According to Table 15:  EPA Energy Star Rating 
System and Hanover’s Standing (Reference Guide 151), Hanover qualifies for seven points 
under this credit. 
EPA ENERGY STAR 
Energy Performance 
Rating 
Points 
71 1 
73 2 
74 3 
75 4 
76 5 
77 6 
78 7 
79 8 
80 9 
81 10 
82 11 
83 12 
85 13 
87 14 
89 15 
91 16 
93 17 
95 18 
Table 15:  EPA Energy Star Rating System and Hanover’s Standing (Reference Guide 151) 
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F:F: >!(8%./4$(<:9P((>R4#$4*0(=24-/4*0(8+114##4+*4*0(T(;*?.#$40&$4+*(&*/(
!*&-A#4#(
Hanover opted for the commission process portion of this credit and had already entered 
into contract agreement with EnerNOC, EnerNOC is an energy savings contractor.  In their 
agreement with Hanover, EnerNOC has pledged to: 
• Develop a plan for the building’s major energy systems. 
• Conduct the investigation and analysis phase.  
• Document the breakdown of energy use in the building.  
• List the operating problems that affect occupant’s comfort and energy use and develop 
potential operational changes that will solve them.  
• List the identified capital improvements that will provide cost-effective energy savings 
and document the cost-benefit analysis associated with each of them.  
 EnerNOC is currently in the equipment installation phase of their job, once completed 
Hanover will be able to qualify for this credit. 
F:J: >!(8%./4$(<:<P((>R4#$4*0(=24-/4*0(8+114##4+*4*0(T(;15-.1.*$&$4+*(
Similar to 5.5EA Credit 2.1:  Existing Building Commissioning – Investigation and 
Analysis, which is going to be completed by EnerNOC, this credit will also be completed by 
EnerNOC.  The contractor guarantees Hanover that they will be able to achieve this credit once 
Hanover enters the performance period.  
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F:O: >!(8%./4$(<:CP((>R4#$4*0(=24-/4*0(8+114##4+*4*0(T(U*0+4*0(
8+114##4+*4*0((
 EnerNOC is also responsible for completing all tasks corresponding to this credit.  For 
instance, EnerNOC will implement an ongoing commissioning program that includes elements 
of planning, system testing, performance verification, corrective action response, ongoing 
measurement, and documentation to proactively address operation problems. 
F:X: >!(8%./4$(C:9P((S.%7+%1&*'.(K.&#2%.1.*$(T(=24-/4*0(!2$+1&$4+*(
IA#$.1#((
 Hanover is currently under a contract agreement with EnerNOC energy savings 
contractor that is currently installing a system called MBCx.  This is a Building Automated 
System (BAS) that will collect energy data as well as monitor and control major building 
systems, including at minimum, heating, cooling, ventilation and lighting.  Hanover will be 
rewarded with this credit once the MBCx system is in place.  
F:Y: >!(8%./4$(C:<P((S.%7+%1&*'.(K.&#2%.1.*$(T(IA#$.1NM.?.-(K.$.%4*0(
 The Hanover building is currently fully metered and data logging is constant and 
continuous.  If Hanover begins to compile a monthly and annual summary of results for each 
system in the building during the performance period they will qualify for this credit. 
F:9Z: >!(8%./4$(EP((U*N#4$.(&*/(U77N#4$.(B.*.,&"-.(>*.%0A(
 The Hanover building at 440 Lincoln Street cannot qualify for this credit because 
Hanover does not generate any renewable energy practices either on or off site. 
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F:99: >!(8%./4$(FP((>*3&*'./(B.7%40.%&*$(K&*&0.1.*$(
 The Hanover building cannot qualify for this credit because it has a Halon based HVAC 
system in the data center of the building.  This limits the energy and atmosphere credit five 
because this system is strictly prohibited due to the harmful atmospheric byproducts it produces. 
F:9<: >!(8%./4$(JP((>14##4+*#(B./2'$4+*(B.5+%$4*0(
 Hanover would be able to obtain possible points from this credit by identifying and 
documenting the building performance parameters that reduce conventional energy use and 
emissions, quantify those reductions and report them to a formal tracking program. 
F:9C: >*.%0A(&*/(!$1+#53.%.P((!*&-A#4#(
 Table 14:  Energy and Atmosphere Gaps shows the points that Hanover currently 
qualifies for.  Hanover currently qualifies for nine out of thirty-five possible points under the 
energy and atmosphere credits.   
A cost-benefit analysis of Hanover’s missing credits for energy and atmosphere was 
created to help prioritize improvements, seen in Table 16:  Energy and Atmosphere Cost Benefit 
Matrix. The cost-benefit matrix focuses on a series of possible improvements, recommendations, 
and their beneficial impact for Hanover.  It then rates them on a high or low scale depending on 
the benefits they may generate. 
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Table 16:  Energy and Atmosphere Cost Benefit Matrix 
 Hanover would qualify for one point under energy and atmosphere credit six, which 
requires that LEED-EB applicant buildings document and follow a monthly and annual summary 
of the measures that had been taken or implemented in order to reduce pollution emissions.  
Since the emissions reduction reporting could be achieved by the Hanover operations and 
maintenance staff already in place, this is considered to be a no or low-cost improvement, at the 
same time it generates low-benefits for the Hanover building because it does not affect the actual 
performance of the building. For instance, writing an emissions reduction report was placed into 
the low-benefit category because it does not change Hanover’s actual energy or water 
consumption rate, neither will it change the amount of recycling currently done by Hanover nor 
will it change the cleaning products currently used. 
 Improvements that were found to be a high-cost with minimal benefits for Hanover are 
the enhanced refrigerant management and the on-site and off-site renewable energy credits. The 
enhanced refrigerant management is the part of the energy and atmosphere credit that is 
concerned with protecting the ozone layer and encourages building owners and administrators to 
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look into HVAC systems that may help minimize or eliminate the emission of compounds that 
contribute to ozone depletion and climate change.  Although, the current HVAC system that is 
used by Hanover is not of the latest technology it complies with the requirements and 
prerequisites for obtaining a LEED-EB certification.  Therefore, given the nature that HVAC 
systems and their installation tend to be of such a high-cost, changing the HVAC unit has been 
place under the category of high-cost, low-benefit.  Implementation cost and beneficial impact 
were the two major metrics used to determined which category this improvement should be part 
of.  As mentioned above, changing a whole HVAC unit for a building the size of Hanover’s 
usually it is very costly and changing Hanover’s entire HVAC unit will have little to no impact 
on the energy consumption rate.  This can be proven by the fact that Hanover had already 
achieved an Energy Rating of seventy-eight percent.  The benefits that can be obtained from 
changing an entire HVAC unit at the Hanover building does not outweigh the investment 
required to do so. 
 A similar analysis was conducted in order to find possibilities for Hanover engaging into 
an on-site or off-site renewable energy project.  The cost for renewing or recycling energy is 
very high, and in order for Hanover to generate an amount of energy that it could really make use 
of, it would be necessary to make a large capital investment, which is not cost effective at the 
moment due to its high price.  The only benefit Hanover could obtain from engaging on a 
renewable energy project, would be good public relations and community recognition, 
nevertheless it would be an unwise investment due the size of the building and the amount or 
energy it uses. Thus, the renewable energy improvement it is a low-benefit, high-cost 
improvement.  Time, again, was the metric used for determining whether this 
improvement/recommendation was a high-cost, low-benefit.  Implementation costs and 
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beneficial impacts for the Hanover building were taken into account.  Since the cost for renewing 
energy is larger than the benefits that it could generate, this improvement has been considered to 
be of high-cost, low-benefits for Hanover. 
 According to the International Facilities Management Association (IFMA), Hanover’s 
current energy performance is thirty five percent below the average performance for buildings of 
similar size. That is a performance of 14.6 kWh-year compared to the average performance of 
22.4 kWh-year.  At the same time according to IFMA standard measures, Hanover is currently 
paying twenty-two percent more than what buildings of the same or similar sizes are paying.  For 
instance, the IFMA estimates that buildings the size of Hanover’s currently pay $1.4/kWh, 
nevertheless Hanover is currently paying $2.22/kWh.  Hanover currently pays $2.22/kWh 
because of their demand charge.  Demand charge is a limit or baseline established by National 
Grid in agreement with Hanover that says how much energy National Grid will produce for 
Hanover.  Hanover agrees to pay for that amount energy whether it uses it or not. This is the 
reason why Hanover pays twenty-two percent more than the average building their size 
(ENERNOC Proposal to Hanover, 2010).  
After analyzing the energy consumption rate for the Hanover building in regards of the 
IFMA, it was determined that Hanover should renegotiate their demand charge baseline with 
National Grid. The reason being Hanover is an Energy Star rated building and it is performing at 
thirty-five percent better than buildings of similar size, however it continues to pay more per 
kilowatt-hour.  The cost for renegotiating the demand charge baseline is very minimum, if any; 
nonetheless it could have a major impact in the amount of energy Hanover will have to pay for. 
Thus, renegotiating the demand charge baseline is a no or low-cost, high-benefit improvement. 
The reasons for placing this improvement within this category are very straightforward; Hanover 
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consumes less energy than average buildings of similar size, nonetheless it pays more for energy 
simply because of their energy demand charge baseline.  The recommendation is for Hanover to 
schedule a meeting with National Grid demand charge negotiators and try renegotiating/lower 
Hanover’s demand charge baseline.  The cost for this improvement would be little to none; 
however, this renegotiation has the potential for generating large cost benefits for Hanover.  
Since it potentially costs a small amount for Hanover to achieve this improvement, the benefits 
certainly outweigh the investment, making this improvement low-cost, high-benefit.     
 Another no or low-cost, high-benefit is to organize a workflow focused on energy 
efficiency. By organizing this type of workflow Hanover will be able to identify minor issues to 
be repaired instead of waiting long periods of time when minor issues may turn into major 
problems, which may require capital investments in order to be repaired.  Hanover already has an 
operations and maintenance team that works on different tasks throughout the building on a daily 
basis.  Thus, by training the team already in place to find and identify minor damages within the 
building, Hanover would be able to save money by conducting minor repairs instead of 
purchasing new equipment or doing major renovations.  For this reason this is a low-cost high-
benefit improvement because it contributes to identifying problems at a time when they are easy 
and inexpensive to fix. Additionally it is of high-benefit because it helps preserve equipment life 
as they are repaired on time. 
 For the high-cost, high-benefit category there is the implementation of the MBCx 
system provided by EnerNoc energy savings contractor.  The MBCx system integrates all energy 
meters and collects and analyses the reported data coming from those units. Currently there are 
twenty-six meters throughout the Hanover building, but only six of them are integrated together. 
One of the requirements for achieving a LEED-EB is that all meters must be integrated into one 
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single data center or data collector (i.e. MBCx). Thus, the implementation of the EnerNOC 
MBCx system is highly beneficial for Hanover not only because it fulfills LEED requirements 
but also because EnerNOC guarantees Hanover energy cost savings of $56,000 or more after the 
first year the system had been implemented.  At the same time the MBCx system is a high-cost 
improvement because EnerNOC currently charges about $90,000 for the implementation of the 
MBCx system.  Similar to other improvements, the reasons for determining the category for this 
recommendation are based on the investment cost for the improvement and the benefits that 
might be generated by it.  This particular improvement will impact the Hanover building in many 
different ways, for instance there are three retro-commissions that must be completed before 
Hanover could be eligible for LEED certification.  For this reason Hanover has already agreed to 
a contract with EnerNOC, EnerNOC is an energy savings contractor that guarantees Hanover 
they will not only complete a LEED required walkthrough but also write all three of the retro-
commissioning reports.  Furthermore, EnerNOC pledges to integrate all of the energy data 
collecting units that are currently installed throughout the North and South wing of the Hanover 
building.  Additionally, Hanover is guaranteed to save $56,000 or more annually on energy bills.  
At the same time, EnerNOC currently holds agreements with National Grid, in which companies 
are guaranteed an energy bill credit for $22,000 for the first year they employ the services of 
EnerNOC.  Although it will cost Hanover about $90,000 for contracting and installing the 
EnerNOC system, this improvement is considered to be of a high-cost, high-benefit status due to 
the impact it will have throughout the Hanover building.  
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Table 17:  Energy and Atmosphere Credits After Planned Improvements 
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 In order to determine Hanover’s performance levels, it was necessary to look at 
Hanover’s purchasing history.  The group met with William Mangano, Director of Client 
Technical Services, for information about general purchases, Danny Salvas, Operations 
Manager, about computer hardware purchasing, Prisicilla Tiberio about furniture purchasing, 
John Mauro, Assistant Manager for Eurest, about food purchasing, and John Plouffe, Facilities 
Supervisor, about Hanover’s waste reduction practices.  Most of the purchasing information 
came in the form of invoices from vendors such as Staples and Xerox, which listed the type of 
products purchased and the dollar amount spent on that product.  Additionally, the spreadsheets 
provided by the vendors indicated the features of the products that related directly to the LEED 
requirements.  For example, Staples listed the postconsumer content percentage of its products.  
John Plouffe also provided information about UNICO’s waste reduction and cleaning policies.  
UNICO is Hanover’s main waste hauler so they would be the likely source for a waste stream 
audit, a key step in achieving the materials and resource credits.   
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Table 18:  Materials and Resources Gaps 
J:9: KB(S%.%.L24#4$.(9P((I2#$&4*&"-.(S2%'3&#4*0(S+-4'A(
 The Hanover Insurance Group does not currently have a detailed sustainable purchasing 
policy in place.  However, an analysis of the vendors Hanover relies upon for their building 
needs reveals that the practice of making sustainable purchases is already in place.  Hanover’s 
vendors produce paper products that are environmentally friendly and purchase electrical 
equipment that is Energy Star labeled.  In order to achieve this required prerequisite, Hanover 
simply needs to produce a written policy detailing why they chose the vendors they have in place 
and how those vendors’ products help the environment.  The policy must also convey the 
importance of making sustainable purchases to the Hanover Insurance Group’s employees.   
J:<: KB(S%.%.L24#4$.(<P((I+-4/([&#$.(K&*&0.1.*$(S+-4'A(
 The Hanover Insurance Group also lacks a written policy regarding their waste 
management practices for their office equipment and mercury lamps.  Similar to its sustainable 
89 
 
purchasing, the Hanover Insurance Group has put into practice the actions and behaviors that this 
policy would require.  For example, the Hanover building has recycling bins in just about every 
cubicle and even has a bin for compostable materials located just outside the dining area.  These 
requirements would be included in the final solid waste management policy.  It is clear that 
Hanover already acts to help the environment with their waste management practices, but these 
practices simply need to be detailed in a written policy.   
J:C: KB(8%./4$(9P((I2#$&4*&"-.(S2%'3&#4*0(T(U*0+4*0(8+*#21&"-.#(
 This credit regards the type of purchasing decisions made for common office items such 
as printing or copy paper, notebooks, notepads, envelopes, toner cartridges, and desk accessories.  
Orders for the North and South wings of the main building are bundled together, while orders for 
the data center’s print shop are handled separately.   For the North and South wings, Hanover 
relies on Staples for their paper products and toner cartridges and Worcester Envelopes for their 
envelope purchasing.  The print shop also uses Staples to purchase their common copy paper.  
However, they require a different type of paper to be printed on their large machines, which has 
a different thickness and weight from the Staples paper.  This machine paper is purchased from 
Butler-Dearden Paper Service, Inc.   
 From October 2009 through December 2009, the North and South wings of Hanover’s 
main building made ongoing purchases totaling $28,438.67.  Of that total, $22,769.54 was made 
from at least ten percent postconsumer recycled content (Staples Environmental Report for 
FY2009).  This means that during this time period, 80.1 % of ongoing consumables purchased 
for the main buildings were made from at least ten percent postconsumer content, meeting the 
sixty percent benchmark required to achieve this credit.  Hanover also purchased $6,010.53 
worth of envelopes during the performance period.  Hanover’s vendor, Worcester Envelopes is 
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located within the 500-mile limit of this credit.   In order to receive the point for this credit, 
Hanover would simply need to maintain their relationship with Staples and Worcester Envelopes 
within the North and South wings.   
 Hanover’s print room makes purchases from Butler-Dearden Paper Service Inc. and from 
Staples.  The print room’s Staples purchases during the analysis period totaled $302.17.  These 
purchases included white cover stock and multipack paper, which contain roughly thirty percent 
postconsumer material, satisfying the conditions that the purchases must contain at least ten 
percent postconsumer content.   The print room’s purchases from Butler-Dearden totaled 
$89,525.72.  Butler-Dearden’s products are produced in Dubois, Pennsylvania, which is about 
450 miles from Worcester, Massachusetts.  This meets another requirement of this credit.  
Overall, most of the Hanover Insurance Group’s ongoing consumables meet the requirements for 
the sustainable purchasing credit.   
J:E: KB(8%./4$(<P((I2#$&4*&"-.(S2%'3&#4*0(T(H2%&"-.(D++/#(
 This credit regards the purchasing decisions made for durable office goods such as 
computers, monitors, copiers, printers, and scanners.  Hanover purchases these types of 
equipment from Xerox.  According to a Xerox report of Hanover’s purchases for the past year, 
all of the purchases were Energy Star labeled.  This includes printers, copiers, and similar 
equipment.  Because Energy Star standards are well known to the USGBC, durable goods that 
have the label are automatically assumed to meet the requirements for this credit. The first point 
of this credit requires that only forty percent of Hanover’s electronic purchases are Energy Star 
labeled, so Hanover can perform this requirement exceptionally if it continues to only purchase 
products with the Energy Star label.    
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 Also included in this credit are the purchasing practices for furniture such as chairs and 
desks.  Hanover purchases its chairs and workspaces from Mirra, Ethospace, Ergon, Caper, 
Aside, Action Office, and Aeron.  Aeron chairs contain forty percent postconsumer content and 
twenty to twenty-four percent postindustrial content.  Aside chairs contain seventeen percent 
postconsumer content and ten percent postindustrial content.  Caper chairs contain fifteen 
percent postconsumer material and six percent postindustrial recyclable material.  Ergon chairs 
contain fifteen percent postconsumer content and twelve percent postindustrial content.  Mirra 
chairs contain thirty-one percent postconsumer content and eleven percent postindustrial content.  
All of these chairs meet the recyclable content standards established in the credit.  Additionally, 
these chairs come in boxes made of corrugated cardboard, which is a recyclable material and 
reduces the amount of waste going to landfills.  The chairs can also be ordered packed in 
blankets, which reduces the amount of packaging needed to deliver them.  Hanover purchases its 
workspaces from Ethospace and Action Office.  The workspaces contain thirty-one percent 
postconsumer and twenty-one percent postindustrial and six percent postconsumer and thirty-
four percent postindustrial content, respectively.  All of these furniture purchases would be 
included in the report because they satisfy the postconsumer/postindustrial percentages 
established by the USGBC.  During the sample performance period, Hanover’s furniture 
purchases totaled $177, 548.74 with 100% of these purchases meeting the LEED requirements, 
well above the forty percent requirement.   
 With its achievement in electric-powered equipment and furniture, Hanover would look 
to option three of this credit, which is a combination of the two sections and worth two points.  
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 Facility alterations and additions range from complete gutting or renovation to the simple 
replacement of a window or putting down a section of carpet.  For the purposes of LEED, 
alterations and additions may only include projects that affect the usable space of the building.  
This excludes any mechanical, electrical, or plumbing system upgrades that do not involve a 
disruption to the usable space.  At a maximum, alterations and additions cannot affect more than 
fifty percent of the total building floor area, or result in the relocation of more than fifty percent 
of the regular building occupants.  The total floor area cannot be increased by more than fifty 
percent as a result of an alteration or addition.  At minimum alterations must include more than 
one trade specialty, must make significant changes to at least one room, and must require 
isolation of the work site from the building occupants.  Additions must increase the total floor 
area by at least five percent.  Any alterations or additions below these minimum requirements are 
considered repairs or minor upgrades and purchases made for these purposes will not count 
towards this credit. 
 In order for Hanover to receive the point for this credit, purchases for alterations and 
additions must be made during the performance period.  This means, that Hanover can plan for 
these alterations and additions to be done during the designated performance period and simply 
purchase the appropriate materials that meet the LEED standards.  These purchases have the 
same postconsumer, postindustrial, and rapidly renewable percentage requirements for ongoing 
consumables.  There are also specific requirements for the purchasing of adhesives, paint, carpet, 
and non-carpet flooring.  The South Coast Air Quality Management District (SCAQMD) 
maintains the standards for adhesives, while the standards for paint and coating are covered by 
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the Green Seal’s Standard GS-11 requirements.  Both entities establish the limit for volatile 
organic compounds (VOCs).  Carpets must meet the standards of the CRI Green Label Testing 
Program.  To receive this credit, Hanover would need to ensure that they purchase products 
meeting these standards when they decide to make alterations and additions.   
J:J: KB(8%./4$(EP((I2#$&4*&"-.(S2%'3&#4*0(T(B./2'./(K.%'2%A(4*(M&15#(
 Hanover purchases it’s lamps through Grainger Industrial Supply, which provides 
Hanover with lamps from either General Electric (GE) or Phillips Advance (PA).  LEED 
requires that ninety percent of the purchased lamps contain no more than ninety picograms of 
mercury per lumen-hour.  If the lamps do not contain any mercury, then they must be as energy 
efficient as their mercury-containing counterparts.  Screw-based lamps may be excluded from 
the report if they meet the standards of NEMA/Energy Star.  NEMA is the National Electrical 
Manufacturers Association and partners with Energy Star to ensure that lamps perform with 
greater energy efficiency.   The required percentage is based on the number of lamps rather than 
the cost.  During the sample performance period, Hanover purchased 393 lamps.  Of these lamps, 
288 of them met the LEED requirements.  These lamps contained seventy-three picograms of 
mercury per lumen-hour.  This is a percentage of 73.3%.  The next forty-eight lamps do not meet 
the mercury requirements, but are Energy Star labeled and are therefore excluded from the 
report.  This means that of the 393 lamps purchased, 348 will be included in the report with 288 
(eighty-three percent) of those lamps meeting the LEED requirements.  At this time, Hanover 
would not receive any points from this credit.   
J:O: KB(8%./4$(FP((I2#$&4*&"-.(S2%'3&#4*0(T(\++/(
 Eurest is the company that handles all of Hanover’s food purchasing for both the cafeteria 
and the convenience store located within the building.  During the sample performance period, 
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Hanover’s food purchases totaled $6090.09.  Of these purchases,  $3171.69 worth of purchases 
meets either the USDA’s standards or are produced within a 100-mile radius of the Worcester 
site.  This equals to fifty-two percent of the food purchases meeting the LEED requirements for 
the credit.  LEED only requires that twenty-five of the total food purchases meet the requirement 
so Hanover should receive the point for this credit.   
J:X: KB(8%./4$(JP((I+-4/([&#$.(K&*&0.1.*$(T([&#$.(I$%.&1(!2/4$(
 Hanover must conduct a waste stream audit during the performance period.  This audit 
establishes a baseline that identifies that type and volume or weight of waste in the stream.  The 
audit should include the buildings ongoing consumables but not its durable goods or construction 
waste.  Hanover should work with its waste hauler, UNICO, to achieve this credit.   
J:Y: KB(8%./4$(OP((I+-4/([&#$.(K&*&0.1.*$(T(U*0+4*0(8+*#21&"-.#(
 Hanover’s goal should be to reuse, recycle, or compost fifty percent of its ongoing 
consumables, which includes not only the paper products established in the previous credit, but 
also food, cardboard, and metal waste.  LEED also wants Hanover to establish a battery-
recycling program that aims to divert at least eighty percent of discarded batteries from the trash. 
J:9Z: KB(8%./4$(XP((I+-4/([&#$.(K&*&0.1.*$(T(H2%&"-.(D++/#(
 This credit requires that Hanover recycles or reuses seventy-five percent of its durable 
goods, which includes electric-power equipment such as printers and monitors, and appliances 
such as refrigerators.  The percentage is based on weight, volume, or replacement value. 
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 LEED requires that Hanover divert at least seventy percent of its construction waste away 
from landfills or incinerators.  Any waste generated from facility alterations and/or additions 
should be recycled or reused. 
J:9<: K&$.%4&-#(&*/(B.#+2%'.#P((!*&-A#4#(
 Hanover currently qualifies for four out of the possible ten points within the materials and 
resources area seen in Table 18:  Materials and Resources Gaps.  With the recommended low-
cost changes, the group feels that Hanover can achieve the final six points, for a total of ten seen 
in Table 20:  Materials and Resources After Improvements.  The cost benefit matrix of the 
improvements can be seen in Table 19:  Materials and Resources Cost Benefit Matrix. 
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Table 19:  Materials and Resources Cost Benefit Matrix 
 The low-cost, low-benefit improvements deal with Hanover’s lamp purchasing and its 
facility alterations and additions purchasing.  Currently, approximately eighty-three percent of 
Hanover’s lamps meet the LEED standards.  In order to raise this percentage to the necessary 
ninety percent, Hanover would need to purchase lamps that are more energy efficient.  These 
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lamps typically cost about fifteen to twenty dollars more per box of lamps.  Changes to the lamp 
purchasing practices will give Hanover an additional point. 
 Hanover should also plan to have alterations and/or additions performed during the 
performance period.  In preparation for these constructions plans, they must ensure that they 
purchase products that meet the detailed standards established under the credit.  Completing this 
will result in Hanover receiving another additional point. 
 A medium-cost, high-benefit improvement would be for Hanover to complete its waste 
stream audit.  Hanover’s main waste hauler, UNICO, will most likely perform this audit.  The fee 
is unknown as of this report, but it is assumed that UNICO would charge a fee for the task.  The 
waste stream should reveal that Hanover recycles, reuses, or composts an exceptional amount of 
its ongoing consumables waste.  For durable goods, Hanover needs to look to the recycling 
policies established by vendors such as Compustat and SEARS.  These companies have 
recycling policies in place, so Hanover needs to only refer to these policies and make sure they 
are being performed well.  Finally, Hanover must ensure that the waste generated from its 
facility alterations and additions is properly disposed of and recycled.  With these 
recommendations, Hanover should receive the full ten points from the Materials and Resources 
credits.   
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Table 20:  Materials and Resources After Improvements 
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 The indoor environmental quality credit information was collected through conversations 
with several different people.   A Professional Engineer (PE) that is familiar with the Hanover 
building was contacted and informed what types of studies he would have to conduct if Hanover 
were to make use of his services for the LEED certification.  The PE has yet to get back to 
Hanover but will provide a quote for his services in the future.  Additionally, Luc Gelinas was 
interviewed to discover the details of Hanover’s HVAC systems.  The team also conducted 
several walkthroughs in order to take measurements.  These included window size and smoking 
area measurements. 
 
Table 21:  Indoor Environmental Quality Gaps 
O:9: ;>V(S%.%.L24#4$.(9P((K4*4121(;*/++%(!4%(V2&-4$A(S.%7+%1&*'.(
 To assess Hanover’s compliance with prerequisite one an ASHRAE audit must be 
conducted to determine if Hanover currently incorporates a satisfactory percentage of outdoor air 
into the ventilation system.   
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 A professional engineer was contacted to provide a quote regarding this procedure as 
well as any guidance as to whether Hanover will currently qualify with their current ventilation 
system.  A response has not yet been received, however, the facilities staff at Hanover takes great 
care in ensuring that the outdoor air rates are very high and after discussing the requirements 
with facilities staff the group is confident that the outdoor ventilation rates exceed the ASHRAE 
requirements.  To achieve any points in the indoor environmental quality category, Hanover will 
have to have a PE conduct the ASHRAE audit to provide the required documentation. 
O:<: ;>V(S%.%.L24#4$.(<P((>*?4%+*1.*$&-(6+"&''+(I1+).(^>6I_(8+*$%+-(
 In order to ensure Hanover’s compliance with indoor environmental quality prerequisite 
two the team reviewed Hanover’s current tobacco policy and ensured via a walk-around the 
campus that all available smoking areas were in excess of the allowed twenty-five feet from all 
entrances, windows, and air intakes. 
 Hanover’s current tobacco policy forbids the smoking of tobacco products on the 
campus.  Employees are required to walk to the edge of the campus (to the public sidewalks) to 
smoke.  All entrances, open windows, and air intakes were found to be well more than twenty-
five feet from the edge of the campus.  Under the current policy Hanover satisfies the pre-
requisite and will continue to do so as long as the policy is not slackened.  
O:C: ;>V(S%.%.L24#4$.(CP((D%..*(8-.&*4*0(S+-4'A(
 To assess the suitability of Hanover’s current cleaning policy, a copy of the policy was 
requisitioned from the staff member overseeing custodial operations. 
 Currently Hanover is enrolled in the UNICO Green Clean program, which maintains all 
documentation and policies necessary to achieve compliance with this pre-requisite.  This 
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compliance of UNICO’s policy was verified by review of the Green Clean manual provided to 
Hanover by UNICO. 
O:E: ;>V(8%./4$(9:9P((;*/++%(!4%(V2&-4$A(=.#$(K&*&0.1.*$(S%&'$4'.#(T(;*/++%(
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 In order to quantify the costs resultant from filling the position of IAQ Manager and 
continued auditing of the building, input was requested from an outsourced Professional 
Engineer. 
 At this time, no feedback has been received from the PE, and the cost of this credit 
remains unknown.  We categorize this credit as a higher cost credit, however, as it is safe to 
assume the cost will be on the order of thousands of dollars (as opposed to hundreds for the low-
cost improvements). 
O:F: ;>V(8%./4$(9:<P((;*/++%(!4%(V2&-4$A(=.#$(K&*&0.1.*$(S%&'$4'.#(T(
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 The first step in assessing Hanover’s compliance with credit 1.2 was determining the 
required equipment by determining which “case” Hanover must adhere to.  Next, the current 
state of sensing equipment was determined by interviewing the Engineering Manager.  Finally, a 
quotation for design and installation of additional equipment was requested from an outsourced 
Professional Engineer to determine the costs associated with compliance. 
 The 440 Lincoln St. Building contains several large densely occupied spaces (defined as 
less than forty square feet per occupant), the largest of which is the cafeteria, and therefore 
Hanover is required to adhere to case two. 
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 To satisfy case two Hanover must install carbon dioxide meters in all densely occupied 
spaces.  This will require several carbon dioxide meters at an estimated cost of $200 per meter.  
In addition, these carbon dioxide sensors must be integrated into a monitoring system.  While a 
quotation for this process has not yet been received, it is safe to estimate this installation will cost 
at least a few thousand dollars. 
O:J: ;>V(8%./4$(9:CP((;*/++%(!4%(V2&-4$A(=.#$(K&*&0.1.*$(S%&'$4'.#(T(
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The same analysis of both current ventilation rates and ASHRAE minimum required rates 
needed for pre-requisite one can be used to determine Hanover’s satisfaction of credit 1.3. 
While the group is confident that Hanover currently exceeds the minimum ventilation 
requirement required by the ASHRAE standard, we cannot be sure that it is operating at a high 
enough margin to achieve this credit, and therefore is assuming that Hanover does not achieve 
this credit until an ASHRAE audit demonstrates otherwise.  If Hanover does currently achieve 
the required margin of ventilation, the cost of this credit will be covered by the cost of 
conducting the audit for pre-requisite one.  If, however, Hanover does not qualify they will be 
able to achieve the required rate by adjusting the operational parameters of their ventilation 
systems.  The cost of this monitoring and adjustment is rolled up in the cost of paying an IAQ 
manager to conduct such improvements. 
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 A description of current filter purchasing practices were requested from the Engineering 
Manager, specifically regarding the MERV rating of purchased filters and any differences 
between filters purchased for different systems, and assessed for suitability. 
 All air handlers at Hanover utilize the same filters and satisfy the requirements of credit 
1.4. 
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 There are currently no alterations of sufficient magnitude being undertaken in the 
building to assess the performance of such a project in relation to the credit. 
 In order to achieve this credit, Hanover would have to undertake an alteration and comply 
with all IAQ protocols required in the credit.  This includes utilizing lower MERV rating filters 
in air handlers servicing the area, protecting all building materials from moisture damage, and 
returning operational parameters to their previous state at the end of the project.  This should 
represent a negligible cost to Hanover if the alteration is already planned. 
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 To determine the best route for Hanover’s attainment of credit 2.1, the team first 
determined the minimum sample size the survey must be distributed to.  The team also identified 
options for developing and distributing the survey and compared their costs. 
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 The occupant comfort survey must be distributed to at least thirty percent of the 
building’s occupants.  For analysis of Hanover’s performance in the Water Efficiency section of 
the standard it was already determined the number of full-time equivalent occupants to be 1,849 
and this number will be used as the basis for the sample size calculation.  This means that 
Hanover must survey at least 555 occupants to satisfy the credit. 
 The first option for conducting the survey is to distribute an already written survey freely 
available from the USGBC on paper.  This option would result in no development work, but 
would be labor intensive when it came time to tabulate 555 responses. 
 The preferred option considered was to digitize the freely available survey and distribute 
online, either via a free survey provider, or through Hanover’s company web-portal.  Either 
method would require slightly more up-front effort but would result in automatic tabulation of 
data into easy to read and informative reports. 
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 To determine whether Hanover’s current lighting provisions satisfied this credit a survey 
of workspaces in the buildings was conducted. 
 It was found that all modular furniture systems utilized in the building provided 
appropriate task lighting.  While some workspaces that did not utilize modular cubicle type 
furniture did not provide task lighting these workstations are estimated to comprise less than ten 
percent of all workstations in the building, therefore at least ninety percent of workspaces 
provide satisfactory lighting.  This is well in excess of the required fifty percent and the group is 
confident Hanover will receive this credit.  
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 To assess the current status of thermal and humidity monitoring systems and determine 
what improvements and new installations were needed, the team again reached out to the 
Engineering Manager for a review of currently installed system.  In order to further quantify the 
costs of required improvements as well as ongoing testing, input was also requested from an 
outsourced Professional Engineer. 
 While feedback has not yet been received from the PE, we anticipate this to be a high-
cost credit to achieve due to the required installation of humidity sensors and additional thermal 
sensors, as well as the integration of all such sensors into the BMS. 
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As all of the daylight entering the wings of the building at Hanover is entering through 
windows on the side of the building, and can be easily measured and compared across all floors, 
the second path was used to determine the feasibility of attaining this credit.  This required the 
calculation of the window to floor area ratio (WFR) for at least fifty percent of floor space.  The 
floor area was calculated from floor plans of the building and the window area was calculated by 
measuring an individual window unit and multiplying by the number of windows on the floor.  
This ratio was then multiplied by the visible light transmittance (VLT) of the windows to 
calculate the daylighting factor.  
On a given floor, the 440 Lincoln St. building has approximately 172,000 sq. ft. of 
useable floor area and 6,854 sq. ft. of window area.  With these numbers the group calculated a 
WFR (using fifty percent of the total floor area as the credit requires a satisfactory daylighting 
factor for half of all occupied space) of .08. 
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To satisfy the credit the daylighting factor must fall between .15 and .18.  With 100% 
transmittance, a building must have a WFR of at least .15 to achieve a daylighting factor of .15. 
Hanover’s current structure does not allow for much improvement in this area due to its high 
volume to surface area ratio and attainment of this credit would require extensive alteration to 
the building.  Compared to the cost of obtaining other credits, this was deemed cost prohibitive 
and further cost analysis was not conducted.  
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 The vendor, UNICO, primarily maintains Hanover’s cleaning program and a copy is kept 
in-house.  The program was reviewed for compliance with all credit requirements. 
 UNICO maintains their Green Clean protocols and manual to meet the LEED 
requirements.  Therefore, Hanover should be awarded this credit as long as they remained 
enrolled in this cleaning program. 
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   To determine Hanover’s level of compliance with IEQ credit 3.2, the team again referred 
to the UNICO Green Clean program manual. 
   It was discovered that UNICO is capable of performing the required custodial 
effectiveness audit and could do so during the performance period, which would ensure 
Hanover’s attainment of this credit. 
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To assess the suitability of Hanover’s current purchasing practice the group first 
identified the in-house employee responsible for overseeing relevant purchases as well as 
cleaning vendors.  Information requisitioned was: 
B copies of purchasing records for purchases under control of in-house manager 
B copies of purchasing information and policies from outside vendors 
This information was then analyzed to determine the percentage of all relevant purchases, which 
qualified under the credit requirements. 
Purchases currently carried out in-house include hand soaps, paper towels, and toilet 
tissues.  Upon reviewing the current purchasing practices all hand soaps qualify under the Green 
Seal certification requirement and toilet tissue purchased qualify under the EPA Comprehensive 
Procurement Guidelines requirement.  All but one paper towel product currently purchased also 
qualify under the EPA guideline, however Hanover/Staples part #647204 does not qualify. 
Purchases carried out by UNICO are governed by the Green Clean program purchasing 
policy, which fully complies with the requirements for indoor environmental quality credit 3.3.  
As these make up majority of all qualifying purchases and nearly all in-house purchases are 
acceptable, Hanover will achieve this credit. 
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 Similar to the prior credit, UNICO, HANOVER’s custodial vendor maintains the 
documentation and policies required for credit 3.4.  This policy ensures all equipment complies 
with credit 3.4.  In addition, all powered equipment purchased by Hanover is Energy Star 
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certified and therefore also satisfies the credit requirements.  Hanover will receive this credit 
with no changes. 
O:9O: ;>V(8%./4$(C:FP((D%..*(8-.&*4*0(T(;*/++%(83.14'&-(&*/(S+--2$&*$(
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 A walkthrough of building entrances was conducted to assess the suitability of Hanover’s 
current entryway systems.  In addition, the facilities supervisor was requested to provide 
information regarding chemical disposal drains. 
 Chemical disposal drains are located in all water closets used for custodial and mixing 
operations.  The building’s front entryways, on the other hand, require additional matting at a 
total cost of approximately $100-$200. 
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 To ensure that Hanover’s current IPM provider qualifies for credit 3.6 a copy of their 
current IPM plan for Hanover was requisitioned.  The plan was reviewed for consistency with 
the requirements of the credit. 
 Hanover’s current IPM vendor (Braman) maintains a plan (Appendix B) with a wealth of 
specifics regarding their program for Hanover.  Specifically the credit requires pest inspection 
(satisfied by sections five and seven of the plan), monitoring (section four), and non-toxic 
removal procedures (sections six and eight) be detailed.   The credit also requires a guideline for 
circumstances in which toxic pesticides may be applied, which, in Hanover’s plan, can occur 
only at the approval of the in-house IPM coordinator. 
108 
 
 Hanover’s current IPM plan does not implement the required communication policy, 
however, which must establish a seventy-two hour advanced notification requirement for non-
emergency applications and a twenty-four hour post-application notification for emergency 
applications.  The addition of a communication policy to the existing plan is trivial and the 
upholding of the communication requirements is a no-cost improvement due to campus wide 
communication media already available. 
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 Currently Hanover qualifies for just over one third of the IEQ credits, or six points 
towards their certification, Table 21:  Indoor Environmental Quality Gaps. 
 This is a solid base of credits to start from and Hanover’s standing in the IEQ section 
looks even better when including credits which we believe are readily obtainable at little to no 
cost, which brings the total to ten points, Table 22:  Indoor Environmental Quality After Low-
cost Improvements. 
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Table 22:  Indoor Environmental Quality After Low-cost Improvements 
 To assist in the prioritization of the missing credits, a cost-benefit matrix was constructed 
based on the improvements required to achieve each credit Table 23:  Indoor Environmental 
Quality Cost Benefit Matrix. Improvements which are expected to cost less than $1000 were 
placed in the low-cost category and improvements expected to cost greater than $1000 were 
placed in the high-cost category.  Credits which are expected to yield measurable performance 
increases to the building, or yield some other significant benefit beyond LEED points were 
considered higher benefit, and credits which would only provide additional LEED points without 
improving the operations of the building were placed in the low-benefit category. 
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Table 23:  Indoor Environmental Quality Cost Benefit Matrix 
 Table 22:  Indoor Environmental Quality After Low-cost Improvements shows the three 
no or low-costs improvements that can win Hanover additional IEQ points.  The clear stand-out 
on a cost-benefit basis is the Occupant Comfort Survey, which will be a non-event (and very 
low-cost) for the information technology department to implement and contributes a great deal to 
the good will benefits on the part of building occupants, which is an important factor in seeking 
LEED certification for Hanover. 
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 Hanover achieves three points in this credit currently, due to exemplary performance in 
consumable, durable goods, and food purchasing (which requires ninety, eighty, and seventy-five 
percent of purchases qualify respectively). 
 The fourth point in this credit can be achieved by writing an innovation in operations 
credit for one of three strong candidate innovations: the composting program, the Earth Day fair, 
and the thermal storage system.  This will require some man-hours to write and document. 
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 Hanover attains this point due to the presence of a LEED AP (James Johnson) on the 
project team. 
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 To attain this point, Hanover needs to maintain a five-year running window of building 
costs.  In our experience at Hanover, we often found that operational and purchasing data was 
not always easily separable by building as this data is currently recorded.  This will need to be 
changed, and a single data-source documenting the operational costs of only the 440 Lincoln St. 
building will need to be created. 
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 The regional priority credits were analyzed based on the results of the preceding LEED 
categories. 
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 Based on the results of the previous sections it was determined that Hanover 
qualified for the following credits, satisfying the regional priority requirements: 3.2SS Credit 2:  
Building Exterior and Hardscape Management Plan, 6.7MR Credit 5:  Sustainable Purchasing – 
Food, and 0The same analysis of both current ventilation rates and ASHRAE minimum required 
rates needed for pre-requisite one can be used to determine Hanover’s satisfaction of credit 1.3. 
While the group is confident that Hanover currently exceeds the minimum ventilation 
requirement required by the ASHRAE standard, we cannot be sure that it is operating at a high 
enough margin to achieve this credit, and therefore is assuming that Hanover does not achieve 
this credit until an ASHRAE audit demonstrates otherwise.  If Hanover does currently achieve 
the required margin of ventilation, the cost of this credit will be covered by the cost of 
conducting the audit for pre-requisite one.  If, however, Hanover does not qualify they will be 
able to achieve the required rate by adjusting the operational parameters of their ventilation 
systems.  The cost of this monitoring and adjustment is rolled up in the cost of paying an IAQ 
manager to conduct such improvements. 
IEQ Credit 1.4:  Indoor Air Quality Best Management Practices – Reduce Particulates in Air 
Distribution. 
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 Currently Hanover qualifies for three out of a possible four points in the category of 
regional priority.  If they follow the recommendations in the materials and resources section they 
would qualify for a fourth and final point with the achievement of 6.9MR Credit 7:  Solid Waste 
Management – Ongoing Consumables. 
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 Currently, Hanover qualifies for thirty-six points for LEED certification.  This falls 
twenty-four points shy of the goal of gold certification, fourteen points shy of silver certification, 
and four points shy of certification.  Based on the research performed and the preceding cost-
benefit analyses a prioritization of recommendations was made to Hanover for their goal of 
achieving LEED certification.  Each level in the following list assumes that items from the 
previous level have been included.  For example, the seven possible points earned for the 
Building Management System/Retro-Commissioning are listed under certification 
recommendations but are also counted towards both the silver and gold lists.  The reason for this 
recommendation is that achieving sustainability and LEED certification is supposed to result in a 
series of small and continuous improvements, not just one big improvement. 
'2.5)4)@-5)03(AC(K5:(.2Q9).2=BR(
• Building Management System/Retro-Commissioning (>7 pts.) 
 The basic LEED certification is something that Hanover wishes to achieve in the near 
future.  Since the company has already entered contract negotiations with EnerNOC, in which 
the requirements for these credits are guaranteed, it would be best for Hanover to go forth with 
the certification after these credits are met and then make improvements towards the other levels 
of certification as time goes on. 
>)*F2.(A#C(K5:(.2Q9).2=BR(
• Waste Stream Audit (4 pts.) 
• Bathroom and Kitchen Renovations (2 pts) 
• Door Mats (1 pt.) 
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• Occupant Comfort Survey (1 pt.) 
• Light Bulb Purchasing (1 pt.) 
 The next set of improvements is listed under the silver certification level because they are 
small improvements to the building that will not take too much time or too many resources to 
enact.  The waste stream audit and bathroom and kitchen renovations will be the two most time 
and resource consuming aspects of this level.  However, their ability to generate a greater 
amount of points then most other credits, four and two respectively as compared to one, make 
them more valuable.  They will both require investment from the company.  However, the 
bathroom renovations will be the matching of the old bathrooms to the same condition as the 
recently renovated.  The doormats and light bulb purchasing credits will require little additional 
investment.  A one-time cost of a few hundred dollars for the mats and the adjustment of the 
buildings current light bulb purchasing policy will be necessary.  Finally, the occupant comfort 
survey will be completely cost free.  It is a matter of time commitment for the employees to 
complete the survey and for someone on the maintenance staff to generate, collect, and report the 
survey. 
10*=(A!C(K5:"(.2Q9).2=BR(
• Integrated Pest Management Plan revision (1 pt.) 
• Emissions Reporting (1 pt.) 
• Documenting Building Costs (1 pt.) 
• Innovation in Operations Credit (1 pt.) 
• Halon Decommissioning (1 pt.) 
• Management for Alterations (3 pt.) 
• Roof Heat Reduction Documentation (1 pt.) 
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 The final recommendations listed under the gold certification are there because they 
provide little benefit in the way of points and actual building performance.  Also, they could 
potentially require significant investment in both money and time from Hanover. Changing the 
IPM will require a significant investment of time and resources as the plan will have changed 
and new methods of pest elimination will have to be followed, potentially a costly process.  Both 
the emissions reporting and documenting building costs recommendations are inexpensive but 
will require a significant time investment as emissions statistics on the building will have to be 
continuously reported to a national organization as well as continuously calculating the costs 
saved by Hanover through sustainable practices.  The decommissioning of the Halon system is 
potentially financially rewarding, however it will take a significant amount of time to eliminate 
the system and it could take time to find someone to purchase the system from Hanover.  The 
IAQ management for alterations requires that Hanover make significant alterations to an area of 
their building.  The possible areas where credits could be earned are in relations to purchasing 
sustainable material, disposing of goods properly, and maintaining the environment as 
renovations are taking place.  This has a strong potential for points but the operations staff has to 
decide where and what changes they want to take place before they go after these credits.  
Finally, the roof heat reduction level has to be determined.  Once the level of heat reflection has 
been calculated Hanover will most likely have to make significant changes to their roof covering 
in order to qualify for the credit. 
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 The project consisted primarily of gathering the information required for a LEED-EB 
Operations and Maintenance certification from the various departments at Hanover Insurance 
that held and maintained the data.  This included both data from invoices and plans as well as 
information that was held as common knowledge among different maintenance and operations 
staff throughout the building.  Once all the data were collected, the group made the necessary 
calculations, and then determined where the gaps were based on LEED specifications and 
whether or not the building qualified for a given credit.  In the cases where the building did not 
meet the criteria for a certain credit, recommendations were made as to what changes could be 
made to achieve each credit.  A cost-benefit analysis was conducted for each LEED section in 
order to show where the priorities of Hanover should lie.  Finally, a prioritization of 
recommendations was produced in order to show when and where Hanover should focus on 
improvements, based on the group’s judgment. 
 Upon completion of the project there are several points that the group would like to 
make.  The first concerns the time line of LEED certification for the building.  Since LEED 
certification is meant to be an ongoing process it would be most efficient for Hanover to submit 
an application for a basic LEED certification and then to progress throughout time to the goal of 
gold certification.  At this time it is feasible that Hanover applies for a LEED certification within 
the next six months.  Since the certification has to be renewed every year it would be beneficial 
to make small improvements as time goes on.  The recommended improvements could certainly 
be achieved within the next two years and those for gold within the next three years. 
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 In order to achieve LEED certification for the building at 400 Lincoln Street it is 
important that Hanover begin to separate its operations from the rest of the campus.  Every 
aspect of the building’s operation and maintenance (purchasing, water usage, employee 
commuting, etc…) must be separately tracked in order to account for only the operations of that 
building and not the rest of the campus. 
 The operations and maintenance staff at Hanover has shown a dedication throughout the 
years to sustainable practices.  If they continue this drive and dedication in the future there is no 
doubt that they will achieve their goal of gold level LEED certification. 
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GROUNDS MAINTENANCE EQUIPMENT 
LIST     
         
         
EQUIPMENT  SEASON USED  HOURS/YR. FUEL 
         
Kubota F3060  ALL   300  Diesel 
         
Kubota F3060  ALL   250  Diesel 
         
Kubota F3680  ALL   200  Diesel 
         
Ford F350   ALL   
2000 
mi/yr  Diesel 
         
John Deere 5300  ALL   300  Diesel 
         
Tennant sweeper  Spring, winter  150  Gas 
         
EZGO ST350  ALL   DAILY  Gas 
         
Jacobsen 810  ALL   DAILY  Gas 
         
Tanaka multi-tool (5)  Spring, summer, Fall  600  Mix 
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Tanaka back pack blower (4) Spring, summer, Fall  300  Mix 
         
Ferris 52" mower  Spring, Summer, Fall  250  Gas 
         
Ferris 52" mower  Spring, Summer, Fall  250  Gas 
         
Snapper 21" mower  Spring, Summer, Fall  125  Gas 
         
Economizer sander  Winter   100  Gas 
         
Fast cast spreader (2)  Winter   100  Electric 
 
LANDSCAPE MANAGEMENT PLAN-HANOVER INSURANCE 
 
LANDSCAPE MANAGEMENT SPECIFICATIONS 
  
Grounds maintenance- General  
• Entire property will be policed for litter on a daily basis 
• Cigarette smoking areas will be cleaned and boxes emptied twice weekly 
• State flags will be flown on certain holidays and special event days for Hanover. 
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Spring clean up (SCU) (March-June) 
• All sand must be removed from turf areas, parking lots, and garages 
• All bedding areas must be edged and raked through removing any leaves, sticks, trash 
and thin layer of old mulch. 
• A Pre-emergent granular herbicide will be spread in the beds to keep certain weeds from 
germinating 
• A fresh layer of mulch will be applied to the beds so that a total depth of at least 2” is 
achieved. 
• Mulch should not be spread up against the base of trees or shrubs. 
• All potholes will be filled with an asphalt material. 
• All winter damage to turf will be repaired. 
 
Turf Management (April-Early Dec.) 
• All turf area will be maintained at heights of between 2.5”-3.5” depending on the time of 
the season. 
• Each mowing should not remove more than 1/3 of the leaf blade. 
• Mowing patterns will change with each cut. 
• Grass clippings will not be removed; they will stay on the turf and breakdown which will 
supply a minimum of 1 lb. of Nitrogen/1000 sqft. to all turf areas. 
• Any seeding that must be done will with be with a mix of seed that matches the 
conditions of the area (shade vs. sun, dry vs. irrigated). 
• Use endophytic seed whenever possible. 
• Mower blades must be sharpened weekly. 
• Aeration will be completed on any lawn area if it shows signs of thin turf, weed invasion, 
poor irrigation penetration, or soil compaction.  
• Excess thatch prevents water penetration and promotes shallow rooting.  Good 
maintenance practices will generally prevent thatch buildup, but where present it should 
by reduced by regular aeration or a vertical mowing (de-thatching). 
 
  
Fertilization (4 rounds) 
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Soil tests must be done on turf areas to accurately determine the nutrient needs of the turf.  All 
fertilizers applied will be low in phosphorous and have at least 40% slow release Nitrogen to 
help minimize runoff. 
• Spring application of a fertilizer with a crabgrass preventer (pendemethalin or dimension) 
• Late spring/early summer application of fertilizer combined with a grub control (merit or 
allectus) 
• Late summer straight fertilizer with 40% + slow release Nitrogen and minimal 
Phosphorous 
• Fall application of fertilizer with Solucal for neutralizing the PH of the soil where 
needed. 
 
Pruning trees, shrubs and groundcovers 
  
Trees 
• Prune trees only to remove dead, diseased, broken, dangerous, or crossing branches.  
• Prune in accordance with generally accepted standards for proper pruning. Use of a 
certified arborist, particularly with significant trees, is recommended.  
• Discard all tree trimmings off-site using a legal method.  
• Remove tree stakes from trees after two growing seasons.  Check tree ties to adjust and 
loosen as needed after the first growing season. All sucker growth from trunk and base of 
trees shall be removed from the ground to maintain a clean appearance.  
• The cutting blades on pruning shears, clippers, blades, saws, etc. shall be sterilized after 
pruning each tree to minimize the possibility of spreading disease. When pruning trees 
known or suspected to be diseased, cutting blades shall be sterilized (with 10% bleach 
solution or other approved) after each cut.  
• Pruning of shade trees will be contracted out; pruning ornamental trees will be done in 
house. 
• Disposal of woody material must comply with the USDA standards for disposal in the 
ALB restricted zone. 
Shrubs  
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• All other shrubs shall be pruned only as required for safety, visibility, and plant health, 
and allowed to develop into the natural shapes expected of the plant variety. Do not shear 
shrubs into topiary (shapes) unless specifically instructed.  
• Any shrub found to be dead or missing shall be replaced with plant material of identical 
species.  
• When pruning shrubs known or suspected to be diseased, the cutting blades shall be 
sterilized after each cut.  
Groundcovers 
• Groundcover shall be maintained in a healthy, vigorous growing condition.  
• Keep groundcover trimmed to edge of sidewalks, curbs, and paved areas on a monthly 
basis.  
 
PEST (WEED, INSECT, AND DISEASE) MANAGMENT  
Weed Control for Trees, Shrubs, and Groundcovers 
• Weeds in planted areas, sidewalks, curbs, gutters, or pavement shall be removed or killed 
monthly as the weeds emerge. Regular maintenance of the mulch layer will help 
minimize weeds in shrub and groundcover areas.  
• IPM techniques include mulching, pulling, and allowing plantings to grow densely and 
shade ground.  If herbicides must be used, choose the least toxic available and spot apply 
on weeds.  Pre-emergent herbicides are used in the spring prior to the placement of 
mulch.  
• Glyphosate is used to spot spray weed in planting beds, curbs, and parking lots. 
• Use of insecticidal soaps and horticultural oils are used before any chemical insecticides. 
  
Weed, Insect, and Disease Control for Turf  
• Weed invasion can be effectively prevented or reversed by growing dense lawn, through 
the above recommended practices.  Tolerate some broad-leaved plants in lawn areas. 
Identify problem (invasive) weeds and target only those species.       
• Crabgrass controls are used during the application of the first round of fertilizer. 
• Broadleaf weed controls have not been used on the turf since 2005.     
• Preventative applications of Merit are used to minimize unsightly damage caused by 
white grubs. 
• There have been no major disease outbreaks on the turf. 
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Irrigation 
• Turn on system in May. 
• Dump into retention pond to remove sediment from initial startup. 
• Charge the main line, opening all gate valves and check for leaks. 
• Turn on each individual zone and check for leaks, clogged heads, and proper spray 
adjustment (approximately 140 zones). 
• Install new batteries in battery operated controllers. 
• Turn on all hard wired controllers and set up watering schedules. 
• Adjust variable speed drive making sure to maintain cycled pressure of 80-110 psi. 
• Constant maintenance to the system must be performed due to the amount of sediment in 
the system (constantly changing heads). 
• Rain sensors have been installed on most hard wired controllers. Controllers without rain 
sensors are manually shut down during rain events. 
• Shut down and blow out system in October. 
 
Annual Flower Beds 
• Annuals will be planted in all annual beds from late May to early June. 
• Annuals will be watered twice a week throughout the growing season. 
• Annuals will be fertilized bi-weekly with Miracle-Grow. 
• Annuals will be removed after the first frost in September. 
• Mums will be planted in mid September and removed in late October-early November. 
 
Fall clean up (FCU) (late Sept.-early Dec.)  
• On a weekly basis remove leaves from lawn areas to prevent heavy build-up and damage 
to turf by smothering.  A single layer of leaves may be mulched into the turf.  Thicker 
accumulations should be removed.  
• Heavy accumulated leaves will be raked and/or blown from lawns and bed areas and 
collected and removed from property and disposed of off site.  
• All perennials foliage must be cut back and removed. 
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Winter Operations  
• All walks, aprons, entrances and roadways will be maintained throughout the winter. 
• All areas must be cleaned of snow and ice edge to edge. 
• When plowing is completed, a sand/salt mix is applied to parking lots and roadways to 
ensure safe travel. 
• All walks will be treated with Magnesium Chloride to melt any snow and ice 
accumulations after plowing has ceased. 
• Every storm is managed differently based on timing of event, amount of snowfall, type of 
precipitation and wind. 
  
  
 
 
LANDSCAPE MANAGEMENT SCHEDULE (Typical routine tasks) 
January: 
• Snow and ice management procedures as needed 
February: 
• Snow and ice management procedures as needed 
March: 
• Snow and ice management procedures as needed 
• Dormant season pruning of over 40 ornamental trees 
• Begin to remove sand from turf areas 
April: 
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• Finish all dormant season pruning  
• Continue removing sand from turf areas 
• Begin spring clean up (SCU) procedures including cleaning, edging and mulching beds. 
• All beds will receive 2” bark mulch to help suppress weeds and retain moisture for plants. 
• Fertilize turf areas with a combination fertilizer/crabgrass control product. 
• Begin mowing procedures, cutting first round short (2.5”) to cleanup sticks and debris 
from winter. 
May 
• Continue SCU 
• Mowing is in full swing.  Raise cutting height to 2.75 “and mow at 5 day intervals being 
conscious of removing no more than 1/3 of the leaf blade. 
• Have parking garages swept to remove all sand and debris. 
• Have parking lots swept to remove the remainder of the winter sand. 
• Wash down floors 2 and 3 of the North Wing parking garage using fire hoses connected 
to the stand pipe supplying water from the hydrant outside of the North wing. 
June 
• Finish SCU of the property. 
• Wash down floors 1 and G of the North wing garage. 
• Wash down the executive parking garage in the Home Office. 
• Raise mowing height to 3” and maintain a 5 day schedule. 
• Turn on well for irrigation supply 
• Flush out irrigation systems as needed, run and check for proper operation of each zone 
valve. Test rain sensors  
• Clean or replace plugged sprinkler nozzles. Turn on all control clocks and replace all 
batteries in small battery operated clocks. 
• Turn on irrigation system, run and visually inspect for proper zone coverage.   
• Adjust heads to minimize overspray on hardscaped areas to minimize runoff. 
• Apply a combination fertilizer/insecticide product to control white grubs. 
• Plant annual flowers. 
July: 
• Raise mowing height to 3.5” and stay on 5 day intervals 
• Prune all Yew, Privet, and Euonymous hedges 
• Continue working on replacing irrigation heads and conducting repairs to the system 
caused by sediment in the lines. 
• Water flowers 2-3 times per week 
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August: 
• Keep mowing height at 3.5” and stay on 5 day interval 
• Apply straight fertilizer in late August.  
• Water flowers 2-3 times per week 
• Limb level trees throughout property. 
September: 
• Reduce cutting height to 3” as temperatures cool and stay on 5 day schedule.  
• Fertilize all landscape areas in September or early October with a fertilizer/Solucal 
combination product. 
• Prune perennials back to ground level as soon as leaf blades yellow and wilt (from June 
through October, depending on plant type). Maintain 2 inches of mulch on ground 
surface over perennials to insulate from cold and prevent winter weed growth.  
• Plant mums for fall color in all annual flower beds. 
October: 
• Reduce cutting height to 2.5”by the end of the month. Stay on 5 day schedule.  
• Turn off and prepare irrigation system for winter. Blow out pipes using compressed air in 
areas where freezing could result in breakage.    
• Begin leaf cleanup of the property.  
 
November: 
• Continue leaf cleanup of property. 
• Continue mowing at 2.5” 
December: 
• Mow all turf areas up until growth stops.  
• Snow and ice procedures as needed. 
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MATERIALS USED: 
 
4 Rounds fertilizer 
 
• 22-0-6 .13 Dimension (60, 50lb. bags) 
• 18-0-0 Allectus (60, 50lb. bags) 
• 24-0-5 (80, 50lb. bags) 
• 18-0-5 51% Solucal (80, 50 lb. bags) 
 
Other chemicals used: 
• 11-23-10 Tupersan (for weed control when seeding) 
• Treflan (20, 20 lb. bags) Granular pre-emergent weed control in bedding areas 
• Glyphosate (10 gallons) Post-emergent weed control used in beds, curbs, parking 
lots, walks, and aprons. 
• Surflan (5 gallons) Pre-emergent weed control used in beds, curbs, and parking 
lots. 
• Magnesium Chloride (50 lb. bags) ice melt product for walks, stair, and aprons 
(use approx. 400 bags) 
• Sand/salt mix (50/50)  (use approx 200 cubic yards/season) 
 
 
 
*Erosion is controlled on campus by maintaining a thick and healthy turf. 
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*Sediment is controlled by our sweeping schedule between snow events along with the cleaning 
of the catch basins on a yearly basis 
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Requirement  Typical For Building  Office 
Set A 
(AHU1) 
Office 
Set B 
(AHU2) 
Lobby Computer 
or Data 
Storage  
Other:  Notes  
Air temperature 
requirements for 
cooling and heating 
seasons  
Occupied: 72˚F +/- 2˚ 
Unoccupied Summer: 
78-80˚F  
Unoccupied winter: 
70˚F 
 
 
Same  
  
Same 
70˚F 
 
67˚F at 
all times  
 
  
Humidity  Direct humidity 
control by building 
systems; possible of 
tenants systems   
    
50% 
  
Dehumidification None    50%   
Pressure relationship 
 
(+) 0.04 difference in 
pressure between 
building interior and 
outside environment  
    (-) 0.02 
difference 
in 
pressure 
between 
print shop 
and 
corridor  
 
Filtration 
 
 
2” 30% pleated 
prefilter-changed as 
needed 20” 90-95% 
bag-changed annually 
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Ventilation 
 
25% outdoor air      Separate 
MUA 
system  
 
Outside air Meet ASHRAE 62.1-
2007 
      
Sound and noise 
level  
N/A N/A  N/A N/A   
Normal operating 
schedule for 
occupancy  
 
M-F = 6 a.m. -6p.m 
     Equipment 
is operating 
1 hour 
prior to 
occupancy  
Weekend schedule  Saturday = 8 am – 1 
pm. Sunday = N/A 
      
Holiday schedule  Same as Sunday       
Process and office 
equipment status 
after-hours  
100-300 tons of FC 
units with chiller water 
coils serving 
equipment loads  
 
Same  
  
Same  
 
Same  
  
Process and office 
equipment status 
during holiday hours  
 
Same as after hours  
 
Same  
  
Same  
 
Same  
  
Process and office 
equipment status 
during scheduled 
maintenance 
shutdowns  
 
 
Same as after hours 
 
Same  
  
Same  
 
Same  
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Cleaning schedules  M-F = 6 am-2:30 pm   40 fc  70 fc  
Lighting levels  50 fc       
Other: (i.e. parking 
garage lighting ) 
All week days and 
Saturdays: 5 am -9 pm 
Sundays and holidays 
lights are off and 
garage is locked 
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  Meter Reading Information 
Service 
Period     
Date Previous Current  Usage Rate From  To Days Amount Address 
Loc 
Code 
           
1/23/09 8841 9187 346 7.11 11/20/08 12/26/08 37 2,460.06  
440 Lincoln 
St 
19-
0133-
000 
1/23/09 35880 36250 370 7.11 11/20/08 12/26/08 37 2,630.70  
440 Lincoln 
St 
19-
0136-
000 
1/23/09 5509 5572 63 7.11 11/20/08 12/26/08 37 447.93  100 N Pkwy 
19-
0136-
A00 
1/23/09 15680 15700 20 7.11 11/20/08 12/26/08 37 142.20  
127 Beverly 
Rd 
19-
0136-
D00 
1/23/09 61685 61857 172 7.11 11/20/08 12/26/08 37 1,222.92  
440 Lincoln 
St 
19-
0136-
F00 
1/23/09   0    0 0.00  
440 Lincoln 
St 
19-
0134-
A00 
   971     6,903.81    
           
2/18/09 9187 9493 306 7.11 12/26/08 1/27/09 33 2,175.66  
440 Lincoln 
St 
19-
0133-
000 
2/18/09 36250 36575 325 7.11 12/26/08 1/27/09 33 2,310.75  
440 Lincoln 
St 
19-
0136-
000 
2/18/09 5572 5630 58 7.11 12/26/08 1/27/09 33 412.38  100 N Pkwy 
19-
0136-
A00 
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2/18/09 15700 15730 30 7.11 12/26/08 1/27/09 33 213.30  
127 Beverly 
Rd 
19-
0136-
D00 
2/18/09 61857 62021 164 7.11 12/26/08 1/27/09 33 1,166.04  
440 Lincoln 
St 
19-
0136-
F00 
2/18/09   0    0 0.00  
440 Lincoln 
St 
19-
0134-
A00 
   883     6,278.13    
           
3/19/09 9493 9755 262 7.11 1/27/09 2/20/09 25 1,862.82  
440 Lincoln 
St 
19-
0133-
000 
3/19/09 36575 36827 252 7.11 1/27/09 2/20/09 25 1,791.72  
440 Lincoln 
St 
19-
0136-
000 
3/19/09 5630 5682 52 7.11 1/27/09 2/20/09 25 369.72  100 N Pkwy 
19-
0136-
A00 
3/19/09 15730 15750 20 7.11 1/27/09 2/20/09 25 142.20  
127 Beverly 
Rd 
19-
0136-
D00 
3/19/09 62021 62174 153 7.11 1/27/09 2/20/09 25 1,087.83  
440 Lincoln 
St 
19-
0136-
F00 
3/19/09   0     0.00  
440 Lincoln 
St 
19-
0134-
A00 
   739     5,254.29    
           
4/15/09 9755 10028 273 7.11 2/20/09 3/19/09 28 1,941.03 
440 Lincoln 
St 
19-
0133-
000 
4/15/09 36827 37110 283 7.11 2/20/09 3/19/09 28 2,012.13 
440 Lincoln 
St 
19-
0136-
000 
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4/15/09 5682 5739 57 7.11 2/20/09 3/19/09 28 405.27 100 N Pkwy 
19-
0136-
A00 
4/15/09 15750 15780 30 7.11 2/20/09 3/19/09 28 213.30 
127 Beverly 
Rd 
19-
0136-
D00 
4/15/09 62174 62335 161 7.11 2/20/09 3/19/09 28 1,144.71 
440 Lincoln 
St 
19-
0136-
F00 
4/15/09   0     0.00 
440 Lincoln 
St 
19-
0134-
A00 
   804     5,716.44    
           
5/11/09 10028 10317 289 7.11 3/19/09 4/16/09 29 $2,054.79 
440 Lincoln 
St 
19-
0133-
000 
5/11/09 37110 37400 290 7.11 3/19/09 4/16/09 29 $2,061.90 
440 Lincoln 
St 
19-
0136-
000 
5/11/09 5739 5804 65 7.11 3/19/09 4/16/09 29 $462.15 100 N Pkwy 
19-
0136-
A00 
5/11/09 15780 15810 30 7.11 3/19/09 4/16/09 29 $213.30 
127 Beverly 
Rd 
19-
0136-
D00 
5/11/09 62335 62518 173 7.11 3/19/09 4/16/09 29 $1,230.03 
440 Lincoln 
St 
19-
0136-
F00 
5/11/09 26310 26320 10 2.84 3/19/09 4/16/09 29 $28.40 
440 Lincoln 
St 
19-
0136-
G00 
5/11/09   0     $0.00 
440 Lincoln 
St 
19-
0134-
A00 
   857     $6,050.57   
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6/2/09 10317 10631 314 7.11 4/16/09 5/15/09 30 $2,232.54 
440 Lincoln 
St 
19-
0133-
000 
6/2/09 37400 37705 305 7.11 4/16/09 5/15/09 30 $2,168.55 
440 Lincoln 
St 
19-
0136-
000 
6/2/09 5804 5888 84 7.11 4/16/09 5/15/09 30 $597.24 100 N Pkwy 
19-
0136-
A00 
6/2/09 15810 15870 40 7.11 4/16/09 5/15/09 30 $284.40 
127 Beverly 
Rd 
19-
0136-
D00 
6/2/09 62518 62864 346 7.11 4/16/09 5/15/09 30 $2,460.06 
440 Lincoln 
St 
19-
0136-
F00 
6/2/09 26320 26470 150 2.84 4/16/09 5/15/09 30 $426.00 
440 Lincoln 
St 
19-
0136-
G00 
6/2/09  7260 20 2.84 4/16/09 5/15/09 30 $56.80 
127 Beverly 
Rd 
19-
0136-
E00 
   1239     $8,168.79   
           
7/1/09 10631 11097 466 7.11 5/15/09 6/22/09 39 $3,313.26 
440 Lincoln 
St 
19-
0133-
000 
7/1/09 37705 38135 430 7.11 5/15/09 6/22/09 39 $3,057.30 
440 Lincoln 
St 
19-
0136-
000 
7/1/09 5888 5992 104 7.11 5/15/09 6/22/09 39 $739.44 100 N Pkwy 
19-
0136-
A00 
7/1/09 15870 16190 70 7.11 5/15/09 6/22/09 39 $497.70 
127 Beverly 
Rd 
19-
0136-
D00 
7/1/09 62864 63270 236 7.11 5/15/09 6/22/09 39 $1,677.96 
440 Lincoln 
St 
19-
0136-
F00 
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7/1/09 26470 26640 170 2.84 5/15/09 6/22/09 39 $482.80 
440 Lincoln 
St 
19-
0136-
G00 
7/1/09 7260 7510 250 2.84 5/15/09 6/22/09 39 $710.00 
127 Beverly 
Rd 
19-
0136-
E00 
   1726     $10,478.46   
           
8/10/09 11097 11380 283 7.60 6/22/09 7/14/09 23 $2,150.80 
440 Lincoln 
St 
19-
0133-
000 
8/10/09 38135 38376 241 7.60 6/22/09 7/14/09 23 $1,831.60 
440 Lincoln 
St 
19-
0136-
000 
8/10/09 5992 6057 65 7.60 6/22/09 7/14/09 23 $494.00 100 N Pkwy 
19-
0136-
A00 
8/10/09 16190 16250 40 7.60 6/22/09 7/14/09 23 $304.00 
127 Beverly 
Rd 
19-
0136-
D00 
8/10/09 63270 63573 133 7.60 6/22/09 7/14/09 23 $1,010.80 
440 Lincoln 
St 
19-
0136-
F00 
8/10/09 26640 26810 170 2.99 6/22/09 7/14/09 23 $508.30 
440 Lincoln 
St 
19-
0136-
G00 
8/10/09 7510 7530 20 2.99 6/22/09 7/14/09 23 $59.80 
127 Beverly 
Rd 
19-
0136-
E00 
   952     $6,359.30   
           
9/18/09 11380 11949 569 7.60 7/14/09 8/17/09 35 $4,324.40 
440 Lincoln 
St 
19-
0133-
000 
9/18/09 38376 38816 440 7.60 7/14/09 8/17/09 35 $3,344.00 
440 Lincoln 
St 
19-
0136-
000 
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9/18/09 6057 6199 142 7.60 7/14/09 8/17/09 35 $1,079.20 100 N Pkwy 
19-
0136-
A00 
9/18/09 16250 16410 60 7.60 7/14/09 8/17/09 35 $456.00 
127 Beverly 
Rd 
19-
0136-
D00 
9/18/09 63573 64274 221 7.60 7/14/09 8/17/09 35 $1,679.60 
440 Lincoln 
St 
19-
0136-
F00 
9/18/09 26810 27290 480 2.99 7/14/09 8/17/09 35 $1,435.20 
440 Lincoln 
St 
19-
0136-
G00 
9/18/09 7530 7630 100 2.99 7/14/09 8/17/09 35 $299.00 
127 Beverly 
Rd 
19-
0136-
E00 
   2012     $12,617.40   
           
10/15/09 11949 12540 591 7.60 8/17/09 9/21/09 36 $4,491.60 
440 Lincoln 
St 
19-
0133-
000 
10/15/09 38816 39272 456 7.60 8/17/09 9/21/09 36 $3,465.60 
440 Lincoln 
St 
19-
0136-
000 
10/15/09 6199 6320 121 7.60 8/17/09 9/21/09 36 $919.60 100 N Pkwy 
19-
0136-
A00 
10/15/09 16410 16920 50 7.60 8/17/09 9/21/09 36 $380.00 
127 Beverly 
Rd 
19-
0136-
D00 
10/15/09 64274 64929 225 7.60 8/17/09 9/21/09 36 $1,710.00 
440 Lincoln 
St 
19-
0136-
F00 
10/15/09 27290 27720 430 2.99 8/17/09 9/21/09 36 $1,285.70 
440 Lincoln 
St 
19-
0136-
G00 
10/15/09 7630 8090 460 2.99 8/17/09 9/21/09 36 $1,375.40 
127 Beverly 
Rd 
19-
0136-
E00 
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   2333     $13,627.90   
           
11/12/09 12540 12925 385 7.60  9/21/09 10/19/09 29 $2,926.00 
440 Lincoln 
St 
19-
0133-
000 
11/12/09 39272 39598 326 7.60  9/21/09 10/19/09 29 $2,477.60 
440 Lincoln 
St 
19-
0136-
000 
11/12/09 6320 6385 65 7.60  9/21/09 10/19/09 29 $494.00 100 N Pkwy 
19-
0136-
A00 
11/12/09 16920 17090 50 7.60  9/21/09 10/19/09 29 $380.00 
127 Beverly 
Rd 
19-
0136-
D00 
11/12/09 64929 65199 190 7.60  9/21/09 10/19/09 29 $1,444.00 
440 Lincoln 
St 
19-
0136-
F00 
11/12/09 27720 27800 80 2.99  9/21/09 10/19/09 29 $239.20 
440 Lincoln 
St 
19-
0136-
G00 
11/12/09 8090 8210 120 2.99  9/21/09 10/19/09 29 $358.80 
127 Beverly 
Rd 
19-
0136-
E00 
   1216     $8,319.60   
           
12/16/09 12925 13328 403 7.60 10/19/09 11/18/09 31 $3,062.80 
440 Lincoln 
St 
19-
0133-
000 
12/16/09 39598 39946 338 7.60 10/19/09 11/18/09 31 $2,568.80 
440 Lincoln 
St 
19-
0136-
000 
12/16/09 6385 6447 62 7.60 10/19/09 11/18/09 31 $471.20 100 N Pkwy 
19-
0136-
A00 
12/16/09 17090 17170 80 7.60 10/19/09 11/18/09 31 $608.00 
127 Beverly 
Rd 
19-
0136-
D00 
146 
 
12/16/09 65199 65567 318 7.60 10/19/09 11/18/09 31 $2,416.80 
440 Lincoln 
St 
19-
0136-
F00 
12/16/09 27800 27850 50 2.99 10/19/09 11/18/09 31 $149.50 
440 Lincoln 
St 
19-
0136-
G00 
12/16/09 8210 0 0  10/19/09 11/18/09 31 $0.00 
127 Beverly 
Rd 
19-
0136-
E00 
12/16/09 0 8450 10 2.99 10/19/09 11/18/09 31 $29.90 
440 Lincoln 
St 
19-
0132-
A00 
   1261     $9,307.00   
 
